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IRRIGATION IN MONTANA. 



In the early stages of agricultural development in Montana, as in 
the other arid States, the economical use of water was not important. 
The supply was large in proportion to the demand, and securing capi- 
tal to build irrigation works, and methods of building ditches, prepar- 
ing land, and applying water were the important matters. But those 
conditions are passing, and the State is entering upon the stage in 
which continued agricultural development will depend upon the eco- 
nomical use of its water supplies. This report is based upon a study, 
made for the purpose of determining whether the existing methods 
and institutions will lead to the best use of water. The work included 
the study of irrigation practice in Gallatin and the Yellowstone valleys; 
seepage losses from ditches and methods of prevention throughout the 
the State; volume of return seepage to streams in the Bitter Root 
Valley; and water-right records in the Gallatin Valley. It is believed 
that this study of typical localities gives a fair understanding of con- 
ditions throughout the State. 



LAND AEEAS. 

On June 30, 1903, there were over 18,000,000 acres of Government 
land in the State open for settlement under the various laws. On the 
same date there was nearly 40,000,000 acres unsurveyed. These two 
items comprise nearly 65 .per cent of the total land area. The area 
included in the forest reserves is about 7,500,000 acres, and the six 
Indian reservations prior to the opening of a part of the Crow Reser- 
vation aggregated about 9,500,000 acres. In addition, there is the area 
appropriated, which has increased of late years by more than a million 
acres a year. In 1899 it was 13,000,000 and in 1905 it was 19,279,000 
acres. A more exact statement, taken from the Report of the? Com- 
missioner of the General Land Office regarding the status of land in 
Montana on July 1, 1905, is herewith given: 

^ . Acres. 

Area surveyed and open for settlement 19, 241, 264 

Area unsurveyed 36, 507, 106 

Area reserved 18, 566, 188 

Area appropriated 19, 279, 012 

(6) 
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A considerable portion of the area appropriated has been purchased 
from the Northern Pacific Railroad Company. The grant to this 
company comprised about 15,000,000 acres, of which nearly one-half 
has been patented and sold to private parties. According to the 
Congressional Record of March 25, 1904, the public lands of Montana 
disposed of from July 1, 1881, to June 30, 1902, are as follows: 

Acres. 

Timber and stone lands '. 171, 977 

Final desert entries 1, 284, 431 

Commuted homesteads 383,121 

Final homesteads 1, 573, 777 

State lands selected '. 961,621 

Railroad grants patented 6, 611, 083 

Total in twenty-one years. 10, 986, 010 

Only about 10 per cent of the land that has been appropriated is 
farmed, and of this portion about two-thirds is irrigated. The total 
area irrigated in 1904 was probably 1,250,000 to 1,500,000 acres. It 
is from this comparatively small area that the greater part of the 
agricultural wealth, exclusive of stock interests, is derived, arid from 
which a large part of the total revenues are raised: In 1902 the State 
board of equalization assessed 10,542,536 acres at $25,300,972, or $2.40 
I per acre. This average rate is low for the reason that unfenced graz- 
ing lands were assessed at only 75 cents and railroad lands at 85 cents 
per acre. On the other hand, first-class grain lands under irrigation 
were occasionally assessed as high as $30 per acre. On an average, 1 
acre of grain land is assessed as high as 10 acres of grazing land. 

According to the census of 1902, 1,140,694 acres were irrigated in 
Montana. This was an increase of 18.1 per cent over the area irri- 
gated in 1899. More land has been reclaimed during the two years 
that have followed than in the two that preceded that date, so that it 
is safe to assert that there are over 1,500,000 acres under irrigation. 

THE WATER SUPPLY. 

For an arid State, Montana is well watered. Occupying the crest 
of the continent, many rivers have their sources in its elevated ranges 
and mesas. Some of these, streams have not as yet been utilized to 
any great extent for irrigation, and in consequence their water has 
little present value. Others are partially utilized, while still others 
have been wholly appropriated. However, only a few of the larger 
streams have ever been measured and little is known of the discharge 
of scores of the smaller rivers and creeks. The following summary 
of the annual discharge of some of the principal rivers in 1903, as 
determined by the engineers of the United States Geological Survey, 
may convey some idea of the extent of the water supply. 



Discharge of Montana rivers, 1903, 

Acre-feet. 

Yellowstone River at Livingston 2, 654, 000 

Gallatin River at X-ogan 841 , 000 

Madison River at Morris 1, 265, 000 

Jefferson River at Sappington 1, 872, 000 

Bitter Root River at Grantsdale 1, 128, 000 

Missoula River at Missoula 2, 459, 000 

Big Blackfoot River at Bonner 1, 026, 000 

Marias River at Shelby 1 , 1 83, 000 

St. Mary River at International Line 1, 213, 000 

Total « 1 13,641,000 

The water supply for 1903 was about normal. On account, how- 
ever, of the short irrigation season the full flow of streams can not 
be utilized without storage for more than a third of the year. It is 
true this growing period occurs at a time when the rivers are high, 
but even with this favorable condition it is not possible to utilize for 
irrigation purposes more than one-half of the total yearly flow. The 
data regarding the quantities of water which can be retained in the 
smaller streams are too limited and uncertain to enable one to estimate 
with any degree of accuracy the number of acres which can be irri- 
gated from these sources. From a more or less intimate knowledge 
of the water resources of the State, the writer would place the limit 
at 6,000,000 acres as being the largest amount of land which caii be 
irrigated in Montana from all sources, including stream flow, storage 
reservoirs, and wells. 

It may be stated in a general way that for every acre that can be 

irrigated there will be nearly 2 acres that may be cultivated dry and 

10 acres that will afford pasture for stock. How to make the best 

possible use of 6,000,0*00 acres of irrigable lands, of 10,000,000 acres 

of arable bench lands, and of 50,000,000 acres of grazing lands is the 

most vital and far-reaching question that is likely to arise in Montana 

for the next quarter of a century. It has always seemed to the writer 

that the ideal farm in this mountain State would consist of 40 acres of 

irrigated land with a good water right, about 40 to 80 acres of arable 

bench land, and about 640 acres of fenced grazing land on a near-by 

mountain slope. ' 

CLIMATE. 

The climate of Montana is arid and is typical of much of the Rocky 
Mountain region, but nearly 70 per cent of the average precipitation 
of 14.5 inches occurs during the crop-growing season. Few records 
have been taken to show the heavy precipitation on the mountain 
slopes. The oflicers of Fort Yellowstone, in the Yellowstone National 
Park, claim that the depth of snow varies from 10 feet in the neigh- 

« The Missouri River is not included for the reason that the greater part of its dis- 
charjge is derived from the Gallatin, Madison, and Jefferson rivers. 
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borhood of Mammoth Hot Springs to 20 feet at the higher elevations 
within and adjacent to the park. The light snowfall in tte valleys 
during the winter months is usually speedily evaporated by the chinook 
winds, which are met with from Oregon to Nebraska and from the 
Peace River to Arizona, and are particularly common in Montana, 
doing much to modify the climate. 

While the temperature often reaches —40^ F. at Havre, which 
lies in the direct path of the winter storms from the north and north- 
west, the lowest record at Missoula for twenty-three years is —22° F., 
and in some winters the mercury does not go below the zero point. 
In many parts of the State the spring months are the most disagree- 
able. March, April, and May are the worst, and the sunshine of June 
is often obscured by showers of soft snow. But with two hundred 
and sevent^'-three sunshiny days and only ninety-two rainy days in 
the year, the Montana farmer receives with gratitude his allotment of 
June snow, because it benefits his crops and may save him the work 

of a second irrigation. ^ 

CBOPS. 

In response to a large number of circular letters which were sent 
out in the summer of 1904 from the Montana Experiment Station, the 
yields and value of the ordinary crops grown in the principal irrigated 
valleys of the State were obtained. The accompanying statement 
represents the averages of all the complete replies received to an 
inquiry sent to representative farmers regarding the principal crops 
in their neighborhood, the average yields per acre, and the prevailing 
prices for the past few years: 

Crop returns in Montana. 



Kind of crop. 



Wheat 

Oats .'. 

Barley ., 

Alfalfa 

Timothy 

Clover 

Potatoes 

Deciduous fruits and berries. 



Yield per acre. 



Price. 



33 bushels ... 
57.90 bushels. 
66.50 bushels. 

4.18 tons 

1.46 tons 

3.67 tons 

200 bushels . . 



81 per cwt 

S1.04percwt 

$1.03 per cwt 

$5.19 per ton 

$9.43 per ton 

$6 per ton 

60 cents per cwt 



Value. 



$20. 16 
19.27 
26.24 
21.69 
13.77 
18.35 
60.00 

100.00 



The yields with their corresponding values given in the table are 
considerably above the average of the irrigated portion of the State. 
In many parts both water and land are cheap, and careless methods of 
farming are practiced. The land is not properly cultivated and much 
of the water applied does more harm than good. Farmers seem to 
prefer to go to the expense and trouble of cultivating 100 acres in a 
slipshod manner for half a crop rather than to farm 50 acres in a skill- 
ful way for a full crop. The figures of crop yields, however, repre- 
sent with a fair degree of accuracy what can be accomplished when care 
and skill are exercised in cultivating the soil and applying the water. 
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Nearly three-fourths of all the wheat and rye grown in the State are 
produced on dry farms. A large part of the oats and barley is also 
raised on dr}^ farms, so that more than one-half of the entire cereal 
crop comes from the unirrigated farms. This branch of farming is 
increasing at a rapid rate. Plowed fields, which at one time were con- 
fined to the lowlaftds, are now found far up the mountain side, and it 
is safe to assert that in a very few years several million acres will be 
cultivated in this manner. 

In developing this feature of its agricultural wealth Montana is^ 
imitating the course pursued by California. The valley lands of the 
San Joaquin and Sacramento valleys have been producing grain for 
forty years without being irrigated. The soil in these valleys is of 
great depth and at one time gave heavy yields, but the continuous 
cropping of grain without rotation has reduced the yield until now 
manv farmers consider themselves fortunate when the returns at the 
close of the season's operations show no loss. The bench lands of 
Montana are likely to fail to produce profitable yields at an earlier 
period, for the reason that the soil is less deep. Some kind of a simple 
rotation with a- leguminous crop should be introduced, if possible. 
The rains in the spring are quite abundant as a rule, and if these should 
fail or prove inadequate, sufficient water can usualljj^be had from the 
neighboring creeks to thoroughly wet the soil during the early spring 
or late autumn months. ^ 

With sufficient moisture and a thoroughly prepared seed bed, it is 
believed that alfalfa can be successfully I'aised over much of the arable 
but nonirrigable lands. The yield would be, as a matter of course, 
much less than on properly irrigated land; one medium crop, and 
under favorable conditions two, would be the average yield; but the 
yield is of secondary importance. By a simple rotation of this kind 
the productive power of the soil could be maintained and the dry 
farms made to yield for an indefinite period. 

THE GALLATDT VALLEY. 

Gallatin County, comprising a total area of 1,663,000 acres, is an 
irregularly shaped tract of land occupying the south-central part of 
the State of Montana. The southern portion of the county is moun- 
tainous and extends to the boundary of Idaho and the Yellowstone 
National Park; the land to the north is less elevated and affords fairly 
good range, while the middle portion of the county contains the rich 
alluvial plain known as Gallatin Valley. This valley is 28 miles long 
and about 14 miles wide. Around the upper rim the fall varies from 
50 to 80 feet per mile, while from the Missouri River to Bozeman the 
average grade on the Northern Pacific Railroad is somewhat more 
than 30 feet per mile. The elevation of the railroad track at Boze- 
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man, near the upper end of the valley, is 4,764 feet and at Logan^ 
a small town located near the lower end of the valley and distant 24 
miles, it is 4,032 feet. There is consequently a ditference of 722 feet 
in elevation in 24 miles. 

Gallatin Valley is for the most part surrounded by mountain ranges. 
To the south are to be found the sharp-pointed, snow-covered peaks 
of the Gallatin Mountains; on the east the steep incline from the East 
Gallatin River terminates in the Bridger Range, while a low range 
separates it from the valley of the upper Missouri River on the 
northwest and a plateau forms the divide between it and the Madison 
Valley on the west. 

The people of Gallatin County paid taxes in 1902 on over half a mil- 
lion acres. This area was divided as follows: 

Private land in Gallatin County, 1902. 

Acres. 

First-class grain and hay land, most of which was irrigated ... 98, 115 

Second-class grain and hay land 112, 910 

Fenced grazing lands ' 205, 130 

XJnfenced grazing lands '. 73, 160 

Railroad lands 58, 831 

Total 548,146 

There were about 100,000 acres irrigated and about 110,000 acres 
cultivated dry in 1903. On an average 1 acre of irrigated land is as 
profitable as 3 or 4 acres of the same quality of nonirrigated land, for the 
reason that the former, under a proper rotation, will produce a crop 
every year while the latter has to be rested alternate years, the irri- 
gated land producing also a greater diversity of crops. 

In a general way the soils of the Gallatin Valley may be classed 
under two heads, viz, those derived directly from the disintegration 
of the materials of the Bozeman Lake beds and remaining in place 
and those formed by the sorting over of the above materials by the 
various streams of the valley. The first of these two classes consti- 
tutes the higher '' bench" lands, while the other comprises the bottom 
lands bordering the streams or occupying the lower levels of the 
valley. These have much in common, yet there, are also marked 
differences. Gravel is rarely found in the bench-land soil, while it is 
common in the bottom lands. 

The thickness of the soil varies very greatly, averaging perhaps 12 
inches, the subsoil averaging 2 feet, with usually gravel below. This 
is more particularly true of the bottom-land class. The soils are 
deeper and richer in humus in the upper end of the valley, whereas 
about the middle of the valley the gravel forms an extensive bar, 
reaching practically to the surface. 
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The following average of soils from the experiment station farm is 
typical of the better class of soils: 

Average of soil of ejcperimerU farm. 

Per cent. 

Coarse material 1.664 

Fine earth 98. 336 

Analysis of fine earth : 

Insoluble matter 80. 410 

Soluble matter 19. 590 

Soluble silioa 130 

Potash 600 

Soda 360 

Lime 1. 160 

Magnesia 1. 150 

. Manganese oxid 960 

Peroxid of iron 3. 920 

Alumina 6. 150 

Phosphoric acid 290 

Sulphuric acid 113 

Organic matter 5. 440 

Moisture 4. 080 

Nitrogen ^ 170 

The soils in general are loams with just the desirable proportion of 
sand to clay, so that on the one hand they are not too loose, while on 
the other they do not bake or offer obstacles to the free movement of 
crops. 

Alkali is found in harmful quantity in only a few sections of limited 
extent. 

ClilMATE. 

The climatological records of the Montana Agricultural Coltege 
cover only a few years, but this deficiency has been made up, in a large 
measure, by the painstaking labors of Mr. Peter Koch, of Bozeman, 
Mont. Mr. Koch began taking observations January 1, 1880, and 
continued them through a period of twenty years. Under the direc- 
tion of the author a complete transcript of his records has been made 
into a permanent record book, to which have been added, from the 
college records, the data pertaining to the years from 1900 to 1902, 
inclusive. In the following paragraphs the results of Mr. Koch's 
records for twenty years, together with those of the additional > ears, 
are summarized. 

From 1880 to 1902 the average rainfall at Bozeman has been a trifle 
more than 19 inches. Some portions of the cultivated area of Gallatin 
Valley have a greater precipitation, while other portions have less, the 
average for the entire valley being probably somewhat less than that 
of Bozeman. This precipitation is considerably more than that of the 
State as a whole. In this period there were a few dry years, notably 
1889 and 1900, in both of which the precipitation fell below 15 inches. 
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This was chiefly due to the light snowfall, which in 1889 was only 1.5 
inches in January, February, and March, and in 1900 3.24 inches dur- 
ing five of the winter months. The years of heavy precipitation were 
1880 and 1892. In 1880 9.5 inches fell during the winter months of 
January, February, March, November, and December, and in 1892 
8.5 inches in the same time. The yearly fluctuation of the fall of rain 
and snow from 1880 to 1901 is shown by figure 1. 

In the monthly distribution of the precipitation, Gallatin Valley^ 
and in fact the entire State, is highly favored. The greatest precipi- 
tation occurs during the months following seedtime (fig. 2). April, 




/fwlT^ '90 '9/ ^9£ '93 '94 'SS '9S Sr '90 '99 /900 t» 

Fig. 1.— Total annual precipitation, Bozeman, Mont., 1880 to 1901. 

May, and June are the wettest months of the year. For the past 
twenty -two years the average precipitation for these months has been 
1.99, 2.40, and 2.94 inches, respectively, or 7i inches in all. This 
quantity of moisture, which falls either as rain or soft snow, is nearly 
all absorbed by the properly tilled soil and supplies moisture not only 
to bring the plant well above the surface but to bring it well along 
toward maturity. August is the driest month, averaging 0.67 inch. 
The average for July is 1.1 inches. This midsummer period of dry, 
sunshiny weather enables the farmer to harvest his crops in good con- 
dition and at the least expense. 
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The highest temperature at Bozeman during the past twenty-two 
years, as shown by Koch's records^ is 100^ F. The mean relative 
humidity of the Gallatin Valley is about 40 per cent. Only twice in 
twenty -two years has the mercury in the shade risen to 100^ F. The 



•J 

1 






f 


/ 


/ 


\ 


> 










5^ ^ 

1 

1' 




\ 


/ 


/ 


} 




\ 


^ 


/ 


y 


K 


>-^ 














N 


/ 









^/?. red Mar Apr Af^/ sA//?e Jc/^ A^^ 3e/xt Oct /^oy. />ec. 

Fio. 2. — Mean monthly precipitation, Bozeman, Mont.,. January, 1880, to December, 1902. 

average maximum temperature for that period is 93*^ F. Figure 3 
shows the mean monthly temperatures from Januar}^ 1, 1880, to Janu- 
ary 1, 1902. The averages for June, July, August, and September 
are 57.1°, 63.8°, 65.7°, and 53.7°, respectively. 
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Fig. 3. — Mean monthly temperatures, Bozeman, Mont., 1880 to 1902. 



The impression prevails in many States that the winter climate of 
Montana is very severe. This impression is not in accord with the 
mean monthly temperature records as indicated in figure 3 and given in 
the following table. 
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Average temperatures ^ 1880-1902, 

op 

October 42.2 

November 29. 5 

December 22. 1 

January 18. 2 

February 20.8 

March 31.4 

In the period under consideration there have been spells of intense 
cold. Five times in twenty-two years the mercury has gone below 
—40°, and on January 14, 1888, it registered —50°. On the other 
hand, the winter of 1901 was unusually mild and the lowest record 
was —14°. I 

The valley, for the most part being surrounded by mountains, is not 
subject to high winds. The lowest temperature is usually reached in 
a calm, clear night. The period of severe cold seldom lasts long. 
Rarely does the average minimum temperature for any winter month 
fall below zero, and on an average the temperature of 92.5 per cent of 
all the days in the year is above zero. 

From the farmer's standpoint the worst feature of the climate is 
the comparatively short season between the late spring and the early 
autumn frosts. Frosts always occur in May and September. In ten 
out of the twenty -two years covered by the record there have been 
frosts in June; in one year there was frost in July, and in five years 
there were frosts in August. Of the frosts in June, Jul}'^, and August 
70 per cent have either been 2° or less of frost. Inasmuch as mott 
plants can resist at least 1° below freezing it follows that the injuri- 
ous effects of low temperature during the months named have not been 
great. Only once in twenty-two years has there been no frost in Sep- 
tember. The September freeze ma}'^ occur early in the month, in 
which case it occasionally injures late-sown wheat. 

WEST GALLATIN BIVEB. 

This stream is by far the largest and most important tributary of 
the Gallatin drainage system. From its source in the northwest cor- 
ner of the Yellowstone National Park it takes a northerly course in 
general, and for the first 65 miles of its course is confined to rough, 
mountainous country. At this point it leaves its canyon and enters 
the broad Gallatin Valley, through the western portion of which it 
takes a slight northwesterly course to the northern extremity of the 
valle}^, where it is joined by the East Gallatin River, flows westerly 
for a distance of 8 or 9 miles, and joins the Madison and Jefferson 
rivers at Three Forks, the three streams forming the upper Missouri 
Kiver. 

The drainage area of the West Gallatin River contains approxi- 
mately 1,200 square miles. This area includes the basin of the river's 
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valley tributaries in addition to that of the main stream itself. Of 
this 1,200 square miles, 876 square miles is tributary to the river 
aboye its point of entrance into Gallatin Vallay. This rough, moun- 
tainous area lies at an elevation above sea level varying from 9,000 to 
10,000 feet near Gallatin Lake in the Park to 6,200 feet at the mouth 
of West Gallatin Canyon. The greater part of this area lying below 
the timber line is covered with a heavy and luxuriant growth of forest 
and underbrush well calculated to conserve and protect the soil mois- 
ture, snowdrifts, and ice banks, from which the water supply of the 
river is drawn. 

Like all mountain streams the West Gallatin derives its supply from 
a multitude of feeders and tributaries, both small and large, which 
head up in the mountains. In this discussion the West Gallatin tribu- 
taries have been divided into two classes, viz, the canyon tributaries 
and the valley tributaries. 

The highest tributary of sufficient importance to be here considered 
is Taylors Fork or Dodge Creek, which enters from the west near 
the twenty-fifth mile of the river's course. As yet there is no irriga- 
tion from this creek, although during 1902 there were several filings 
made upon its waters. The land to be served lies along the creek 
bottom near the river. The elevation of the canyon in this vicinity is 
about 7,000 feet. 

, In the next 10 miles below Taylors Fork several fair-sized tribu- 
taries join the river. Among the important ones are Buflfalo Horn, 
Cinnamon, Buck, and Elkhorn creeks. From only one of these 
streams, Buflfalo Horn, is there any water diverted for irrigation. In 
1899 a small ditch was taken out of this creek and with it about'200 
acres of canyon land is said to be irrigated. 

About 12 miles below Taylors Fork the river is joined from the east 
by Porcupine Creek and from the west near the same point by Beaver 
Creek. Some 3 miles below, West Fork, the largest tributary of the 
West Grallatin, enters from the west. The canyon, from a point a 
mile or so above, Porcupine and Beaver creeks to the junction point 
of West Fork and the river, widens out and forms what is called the 
"Lower basin." This basin is about 3 miles long by 1 to 1.5 miles 
wide and is estimated to contain probably 2,000 acres of arable land, 
most of which could be irrigated. As yet there are but two small 
ditches taken out in the basin. One taps Porcupine Creek and serves 
about 200 acres of land on the east side of the river. The other takes 
its supply from West Fork and serves about 200 acres. Both of these 
are late ditches, the Waters ditch out of Porcupine Creek having been 
built in 1900, the Crail ditch out of West Fork being built in 1902. A 
ditch out of Beaver Creek is planned, construction to begin soon. 
This ditch is to serve about 1,000 or 1,200 acres of land lying on the 
west side of the river. 



V 
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On leaving the lower basin the river again enters a narrow can3'^on 
and for 21 miles is confined by high mountain walls. All along the 
canyon course it is joined at short intervals by tributaries, both small 
and large. Near the lower end of the canyon it is joined from the 
east by Squaw Creek and from the west by Logger, Hell Roaring, and 
Spanish creeks. The last two creeks are among the important West 
Gallatin tributaries, Spanish Creek standing next in size to West 
Fork. In what is termed Spanish Creek Basin, lying along Spanish 
Creek and to the west of the West Gallatin Canyon, is a considerable 
area subject to cultivation. In this locality there are eight small 
ditches, varying in capacity from 50 to 300 miner's inches each, which 
tap Spanish Creek and distribute the water thus diverted to an area of 
land aggregating 2,000 acres. Some of these rights date back to 1885 
and 1886; the majority, however, have been acquired in recent years. 

About 2 miles below Spanish Creek the river leaves the canyon and 
enters the Gallatin Valley", in which lie the lands which utilize the 
greatest part of its flow during the irrigation season. The valley 
tributaries of the West Gallatin are Wilson, Bear, Cottonwood, and 
Camp creeks. The first three join the river from the east about 4 
miles below the mouth of the canyon. The last is of little importance 
as an irrigation stream. It rises in the low hills which separate the 
Gallatin and Madison basins and flows in a southerly direction, joining 
the riv^r just above the junction X)i the West and East Gallatin rivers. 

During the irrigation season the entire flow of the three creeks 
entering from the east is diverted for irrigation purposes. The land 
they serve lies on the benches to the east of the river. Cottonwood is 
the largest of the three creeks, having a drainage area of 40 square 
miles. 

The following table shows, the discharge of these creeks on different 
dates during the irrigation season of 1902. It was impossible to 
obtain suitable places of measurement above all ditches, so they were 
measured at the mouths of their respective canyons and the flow of all 
ditches diverting waters above the points of measurement was added. 
In the table are also given the discharges of some of the canyon tribu- 
taries of the West Gallatin. These measurements were made during 
the period of high water. For the sake of comparison the results of 
two measurements of the river, made June 9 and 14 at Williams 
bridge, about 1 mile below the mouth of the canyon, are included in 
the table. 
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Discharge of West GcUlcUin tributaries, 1903, 



Name of tributary. 



Cottonwood Creek , 

Do 

Do..... 

Do 

Bear Creek ., 

Do 

Do 

Do 

Wilson Creek 

Do 

Do 

Spanisih Creek 

Do 

' Logger Creek 

Hell Roaring Creek 

Do 

Squaw Creek 

Swan Creek 

Moose Creek 

Portal Creek ., 

Dudley Creek 

West Fork : : 

Waters ditch (Porcupine Creek) 

West Gallatin River at Williams bridge. 
West Gallatin River 



Date of 
measure- 
ment. 



June 3 
June 23 
July 10 
Aug. 18 
June 8 
June 28 
July 10 
July 18 
June 8 
July 10 
Aug. 13 
June 10 
July 17 
June 10 
....do... 
June 18 
June 11 

do... 

....do... 
....do... 
....do... 
June 12 
....do... 
June 9 
June 14 



Discharge. 



Cubic feet 


Miner's 


per second. 


inches. 


' 128.02 


5,120.8 


127.72 


5,108.8 


64.48 


2,579.2 


32.63 


1,305.2 


46.91 


1,876.4 


27.50 


1,100.0 


12.94 


517.6 


7.07 


282.8 


22.18 


887.2 


8.68 


847.2 


4.44 


177.6 


464.33 


18,573.2 


163. 59 


6,543.6 


5.51 


220.4 


806.76 


12,270.4 


91.69 


3,667.6 


187.66 


5,506.0 


142.70 


5,708.0 


52.50 


2,100.0 


160.00 


6,400.0 


77.96 


8,118.4 


607.81 


24,312.4 


1.78 


71,2 


4,361.22 


174,448.8 


4,767.81 


190,712.4 



Like all mountain streams whose flow is derived from melting snows 
high up in the mountains, the West Gallatin is subject to a large flood 
flow during* the spring season, estimated by the United States Geo- 
logical Survey to reach in some years 4.5 times the average normal 
discharge. 

Following is a summary of the observations made by the United 
States Geological Survey at Williams bridge for a period of six years, 
1896 to 1901, inclusive: 

Annual discharge of West Gallatin River at WiUiams bridge, 1896-1901. 



Year. 



• 

1896. 
1897. 
1898. 
1899. 
1900. 
1901, 



Maximum. 


Minimum. 


Mean. 


Cu. fl. per 


Cu. ft. per 


Cu.ft.per 


OvO* 


sec. 


sec. 


10,760 


100 


1,132 


5,780 


350 


993 


7,226 


560 


1,328 


9,760 


650 


1,570 


5,410 


280 


. 991 


5,058 


435 







Total. 




Acre-feet. 
817, 824 
922,396 
961,231 
1, 148, 039 
718,260 



Run-oflf. 



Inches. 
17.66 
15.71 
20.96 
24.78 
15.67 



Per ^uare 
mile. 



Cu. ft. per 
sec. 
1.31 
1.15 
1.55 



.1 



.15 



The actual minimum flow of the rivers for the years given above is 
somewhat greater than that noted, as five ditches head on the river 
above the gauging station. During the irrigation season the combined 
flow of those five canals would probably reach 120 or 125 cubic feet 
per second. 

From the mouth of the canyon to a point on the river about 25 miles 
below the river has an average fall of 32 feet per mile, and its channel 

11398— No. 172—06 2 



18 

is subject to very little change. This makes tapping the river com- 
paratively easy. In the 25 miles there are no less than fifty-four 
ditches taking water from the river. These ditches, especially those 
built some years ago, are for the most part small, having been built 
by the irrigators themselves, three, four, or half a dozen farmers join- 
ing in the construction of a common ditch. Most of the ditches of this 
class were built for the irrigation of lands lying contiguous to the 
river bottom, and little or no difficult work was encountered. 

When the higher valley lands were settled several large canals were 
constructed which take their supply well up on the river. 

USE OF WATEB. 

DIVERSION AND DISTRIBUTION. 

Not in the history of irrigation from the West Gallatin has there 
ever been any regulation as to the extent of the diversions made 
because in normal seasons the river's supply has been sufficient to 
meet all demands. But during seasons of short supply, only one or 
two of which have as yet been experienced, the supply while sufficient, 
had proper division been made, was not equal to the demands, and on 
the lower part of the streams a severe shortage was lelt, and a stage 
is being reached where the demand will more often exceed the supply 
and the old regime will have to give place to some system of stream 
control. 

The methods of distributing water from the larger. canals to con- 
sumers have not reached a settled state. On the West Gallatin Irri- 
gation Company's two canals the amounts diverted by laterals are 
computed by a hydraulic formula. The factors necessary are, first, 
size of opening of the lateral head gate; second, head of water in 
canal over opening; and, third, the velocity of flow through opening, 
which is obtained for different heads from Trautwine's Engineering 
Handbook. The actual discharge is assumed to be 70 per cent of the 
theoretical discharge derived from the above factors. All discharge 
measurements are expressed in Montana inches. 

On the Kleinschmidt canal, within the last year, the current meter 
has been adopted. Up to the time of its adoption the diversions by 
laterals were in the majority of cases left to the ditch rider, whose 
estimate of a lateral's discharge was accepted as the probable flow. 

On the Farmers canal trapezoidal weirs have been constructed in 
the laterals near their points of diversion. But for want of proper 
care in their maintenance they are in the majority of cases in poor 
condition, and are but little better than no measuring device at all. 

On the Kughen ditch and a majority of other larger ditches no 
system of measurement is employed, the amount diverted by the 
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laterals being left to the discretion of the ditch walker or to the irri- 
gators themselves. 

On the smaller ditches taking water from the river, where only a 
few parties are interested, no measured division of the ditches' supply 
is made, each person taking an amount proportionate to his needs* 

METHODS OF IRRIGATION. 

The methods of applying water to crops irrigated from the West 
Gallatin are in every way similar to those employed in other sections 
of the State and are described in another part of this report. (See 
pp. 43-51.) 

FLOW OF RIVER AND CANALS. 

During the season of 1902, along with other field observations made 
in the Gallatin Basin, a series of measurements was made of all the 
canals and ditches taking water from the West Gallatin. One set of 
measurements was made during the middle of June at a time when a 
majority of the canals were diverting their greatest volume. This 
measurement was made some three or four weeks after the irrigation 
season had opened. A second set of measurements was made about 
the middle of July, and a third set of measurements was made about 
the middle of August. This last measurement represents the flow at 
the termination of the irrigation period. In the two tables which 
follow are given the results of these three sets of measurements. 
Those in the first table give the discharge of the canals on the east 
side of the river in the order in which they head on the river. The 
second table gives in a similar order the discharge of all canals on the 
west side of the river. 

As the statute inch is used extensively in Montana in the statement 
of stream discharges, the values in the following tables have been 
expressed both in cubic feet per second and in Montana inches, 40 of 
which are equivalent tt> 1 cubic foot per second. 
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Discharge of canals on east side of West Gallatin River y 1902, 



Name of canal. 



Kleinschmidt x. 

Bush 

Ralph 

Farmers, or Excelsior 

Ferris 

Middle Creek supply 

Accola 

Beck, Border, Spring <& Matthews 

Bicketts— Tudor & Nieble 

Spain 

Waterman 

Ketterer, Owenhouse<& Stephens. 

Knadler, 4; Foerschler, i 

Stephens & Creasy 

Weaver & McDonald 

Knadler, White & Knadler 

Hoffman, Stephens & Cook 

Weaver & Stone 

Learmouth, Ferguson. Patterson 

& Owenhouse 

Hoffman <k Marks 

Bell, Franks & Creasy 

Old Creamery or Cockrill ditch. . 

Dawes Bros. & Porter 

Gibson & Green 

Total 



June 14-20. 



Cubic 
feet per 
second 



79.27 

7.28 

0.00 

168.22 

26.27 

58.85 
6.29 

12.90 
5.16 

28.37 
9.25 

43.49 
8.94 

14.14 

8.32 

.75 

8.87 

4.79 

8.86 
10.83 
11.04 

9.54 

13.21 

.50 



Miner's 
inches. 



3, 170. 8 

291.2 

0.0 

6,728.8 

1,050.8 

2,354.0 

251.6 

483.6 

206.4 

1,134.8 

370.0 

1,739.6 

357.6 

565.6 

332.8 

30.0 

354.8 

191.6 

354.4 
433.2 
411.6 
381. 6 
528.4 
20.0 



July 15-18. 



Cubic 
feet per 
second. 



101.81 

15.24 

2.87 

193.46 

12.22 

39.94 

3.72 

32.00 

4.35 

31.48 

.33 

18.39 

12.49 

11.16 

19.16 

.50 

15.17 

.75 

4.19 
5.22 
2.10 
5.92 
1.73 

e.oo 



545.14 , ' 534.20 



Miner's 
inches. 



4,072.4 
609.6 
114.8 

7,738.4 
488.8 

1,597.6 
148.8 

1,280.0 
174.0 

1,259.2 

13.2 

735.6 

499.6 

446.4 

766.4 

20.0 

606.8 

30.0 

167.6 
208.8 

84.0 
236.8 

69.2 
0.0 



August 14-16. 



Cubic 
feet per 
.second 



98.01 

4.43 

.89 

116. 11 

11.99 

35.53 

0.00 

10.78 

1.59 

8.70 

5.83 

14.60 

15.30 

3.58 

6.92 

1.45 

6.60 

5.32 

17.41 
•A 61 
1.79 
1.78 
.75 
0.00 



371. 97 



Miner's 
inches. 



3,920.4 

177.2 

35.6 

4,644.4 
479.6 

1,421.2 

. 0.0 
431.2 
63.6 
.348.0 
233.2 
584.0 
612.0 
143.2 
276. 8 
58.0 
264.0 
212. 8 

696.4 

104.4 

71.6 

71.2 

30.0 

0.0 



Mean flow for 
season. 



Cubic 
feet per 
second. 



96.03 

9.89 

2.21 

167.89 

17.79 

46.60 

5.00 

19.79 

4.12 

25.68 

4.99 

27.67 

11.63 

10.83 

12.37 

.79 

10.93 

3.28 

8.70 
6.94 
5.61 
6.54 
6.12 
.50 



511.90 



Miner's 
inches. 



3.841.2 

895.6 

88.4 

6,715.6 
711.6 

1.864.0 
200.0 
791.6 
164.8 

1,027.2 
199.6 

1,106.8 
463.2 
483.2 
494.8 
31.6 
437. 2 
181.6 

348.0 
277. 6 
224.4 
261.6 
244. 8 
20. Q 



Discharge of canals on west side of West GaUoXin River, 1902. 



Name of canal. 



Williams No. 1 

Williams No. 2 (lower) 

Cockrill 

Todd 

West Gallatin (high line) , 

Sterling 

Le Beau 

Railey 

Gabriel* 

West Gallatin (short line) , 

Cameron or Kughen 

Cameron, Nieble, Corrie & Clark , 

Corrie , 

Davidson, Leach, Smith & Heis- 

kell 

Lewis 

Holgate & Grove , 

Holgate lateral No. 1 

Holgate lateral No. 2 

Manhattan or Moreland , 

Patterson & Boss 

White or Cayuse 

Buckley, Curtis &, Holgate 

Lamphear & Bryan , 

HeebNo.l , 



June 14-20. 



Cubic 
feet per 
second. 



21.89 
5.09 



HeebNo. 2 

HeebNo. 3 

Cruse No. 1 

Cruse No. 2 

Lower Manhattan 
Baker 



100.10 

8.56 

20.68 

0.00 

1.69 

21.57 

58.80 

16.89 

1.50 

48.02 

31.73 

8.62 

1.77 

.40 

23.05 

12.66 

29.30 

10.49 

10.48 

3. 33 

11.89 

L75 

1.00 

0.00 

22. 20 

8.33 



Total I 481.79 



Miner's 
inches. 



875. 6 
203.6 



4,004.0 

342.4 

827.1 

0.0 

67.6 

862.8 

235.2 

675.6 

60.0 

1,920.8 

1,269.0 

344.8 

70.8 

16.0 

922.0 

506.4 

1,171.9 

419.6 

419.2 

133.2 

475.6 

70.0 

40.0 

0.0 

888.0 

333.2 



July 15-18. 



Cubic 
feet per 
second 



5.09 

12.87 

2.05 

3.10 

106.19 

3.52 

8.09 

3.16 

2.49 

26.29 

76.11 

15.96 

.30 

20. 18 
8.43 
2.83 
2.48 
0.00 

11.87 
5.14 

31.44 
8.30 
4.21 
1.20 
8,83 
1.35 
6.11 
1.24 

22.65 
4.14 



Miner's 
inches. 



405.62 



203.6 

514.8 

82.0 

124. 

4,247.6 

140.8 

323.6 

126.4 

99.6 

1.051.6 

3.044.4 

639.4 

12.0 

807.2 
337.4 
113.2 

99.2 
0.0 
474.8 
205.6 
1,257,5 
332.0 
168.4 

48.0 
353. 2 

54 
244 

49 
906.0 
165.6 



August 14-16. 


Cubic 
feet per 
second. 


Miner's 
inches. 


1.78 


71.2 


6.31 


252.4 


.50 


20.0 


1.38 


56.2 


46.02 


1,840.8 


7.59 


303.6 


.62 


24.8 


.30 


12.0 


3.35 


134.0 


12.87 


514.8 


32. 82 


1,312.8 


3.67 


146.7 


.80 


32.0 


6.56 


322.4 


17.05 


682.0 


2.61 


104.4 


1.71 


68.4 


1.88 


76.2 


23.14 


925.6 


0.00 


0.0 


4.56 


182.4 


5.20 


208.0 


5.14 


205.6 


5.76 


230.4 


6.24 


249.5 


.95 


38.0 


3.05 


122.0 


1.75 


70.0 


0.00 





1.68 


67.2 


204.29 









Mean flow for 
season. 



Cubic 
feet per 
second. 



3.99 

15.16 

2.95 

1.51 

91. 72 

6.35 

11.63 

2.21 

2.34 

2L72 

60.53 

13.87 

.88 

28.39 

19.45 

5.10 

2.04 

.54 

18.59 
8.90 

25.21 
8.55 
6.90 
2.96 
9.53 
1.35 
8.45 
1.50 

22. 42 
5.32 



Miner's 
inches. 



405.06 



159 6 
606.4 
118.0 

60.4 

3,668.8 

254.0 

465.2 

88.4 

93.6 

868.8 

2, 421. 2 

554.8 

35.2 

1, 135. 6 
778. « 
204.1 

81.7 
216. 
743.6 
356.0 
1,008.4 
342.0 
276.0 
118.4 
381.2 

54.0 
138.0 

60.0 
896.8 
212.8 



21 



The values in the column headed " Mean flow for season " have been 
derived from the measurements given in the other columns. TKe meas- 
urements made in August, however, were given only one-half the 
weight of those made in June and >] uly. 

By cooperating with the representatives of the United States Geo- 
logical Survey a daily record of the flow of the West (iailatin at Wil- 
liams bridge for the months of the irrigation season was obtained. 
The flow of the river at this point in both cubic feet per second and 
Montana miner's inches is given in the following table: 

DixchaTge of Wwi OalUUin River at Williami hridgt, Galiatin Valley, MotOana, 190£. 




Figure 4 shows the amount of water diverted from West Gallatin 
River by all of the ditches and canals from June 10 to August 20, 1902, 
and the discharge of the river during that time. In comparing the 
amount diverted with the discharge in the river at Williams bridge, 
it is found that there was enough for all purposes. It should be kept 
in mind, however, that there was more than the average flow in this 
river in 1902. The discharge of the river from July 5 to August 20, 
1900, was insufiicient to furnish for all the ditches and canals the 
volumes diverted in the summer of 1902, and the same condition pre- 
vailed in 1901 from July 8 to August 20. 
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DUTY OF WATER UNDER WEST GALLATIN RIVER. 

The irrigation season in the Gallatin Valley extends from about the 
middle or last of May until about August 15. There are, of course, 
localities where irrigation of some crops is begun before the middle 
of May, and where the season lasts beyond the middle of August. In 
such cases, however, the crop raised is usually not one of the regular 
crops of the valley, for these almost without exception receive the 
irrigation they require in the period mentioned. In many cases, 
although water is turned into the canals anywhere from the 1st to the 
16th of May, extensive irrigation does not begin until in th^ forepart 
of June, depending almost entirely of course on the nature of the sea- 
son, whether early or late. 



JUNE 



JULV 



AUGUST 
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Fig. 4.— Discharge of West Gallatin River, 1902, and diversions therefrom. 

The first crops to receive water in the spring are pastures and 
meadows, clover and alfalfa, after which the grain is watered. As 
grain is the main crop of the valley, irrigation occupies a large part 
of the season. After the grain is sufficienth^ watered and the first hay 
crop is cut, the water is again applied to the clover a;id alfalfa land 
for the second hay crop. 

In the majority of cases alfalfa and clover receive but one watering 
for each crop, grain receiving f ropi one to three waterings, according 
to the locality. The number of waterings depends of course largely 
on the rainfall both as to its amount and as to the time it is received. 
During the season of 1902 the rainfall came in sufficient amount and 
at such time as to make but one irrigation necessary for each crop of 
clover. Grain was well along also before irrigation became necessary. 

During the spring of 1902 a series of investigations of the duty of 
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water on West Gallatin River was instituted under some of the repre- 
sentative canals, and also a study of seepage losses from these canals 
as affecting the duty of water. Other studies were also carried on 
which had a direct bearing on these two phases of the investigations. 
The studies were confined to three canal systems which were chosen 
with special regard to their location, and for the reason that the con- 
ditions encountered under each system varied widely from those of 
the other systems, the three, however, representing nearly all the vary- 
ing conditions of soil, methods of irrigation, and canal management to 
be found in the valley of the West Gallatin River. 

The largest canal chosen for the investigation was the High Line 
canal, belonging to the West Gallatin Irrigation Company. This sys- 
tem was taken as representative of the larger incorporated canals, 
which head high up on the river and carry water for sevel*al miles 
before it is distributed to laterals. As a representative of the medium- 
sized cooperative canal, which conveys its water but a short distance 
before being used, thus eliminating any large seepage losses, the 
Kughea ditch was chosen. The third ditch was the Weaver and Stone 
ditch, representative of the small, private or individual ditch, heading 
on the lower section of the river. 

Before the irrigation season opened recording instruments were 
installed on each of the canals, and throughout the season a continuous 
record of the amount of water flowing through each canal was 
obtained. 

DUTY OF WATER UNDER HIGH LINE CANAL. 

.The register was installed in this canal on the Todd flume, about 2.5 
miles below the head. At this point the canal crosses a narrow ravine 
in a flume about 30 feet long by 13.5 feet wide. In the following 
table is given the monthly flow from May 24 to August 31, inclusive, 
in cubic feet per second, Montana miner's inches, and acre-feet: 

• 

Discharge of West Gallatin High Line canal^ 1902. 



Month. 


Average flow. 


Discharge. 


May (24-81) 


Cu. ft. per sec. 
35.8 
60.8 
90.4 
44.4 


Miner's inches 
1,432 
2,432 
3,616 
1,776 


Acre-feet. 
569 


J une 


3,619 


July 


5,556 


August 


2,728 






Season 


62.9 


2,616 


12,472 







According to the annual report of Mr. E. C. Kinney, superintendent 
of the West Gallatin Company, there were 2,343 acres of land actuallj^ 
irrigated under the High Line canal. The duty given in the following 
summary is based on this estimate. 
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Quantity of water applied to lands under High Line canaly 190IB. 

Duration of irrigation season May 24- August 31 

Area irrigated , acres. . ^, 343 

Water received by land acre-feet. . 12, 472 

* 

Depth of water used in irrigation feet. . 5. 32 

Depth of rainfall during season^ do 39 

Total depth of water received by land do 5. 71 

The average flow of the canal at Todds flume was 62.9 cubic feet per 
second, or 2,516 miner's inches, giving a duty of water of 37 acres per 
cubic feet per second, or approximately 1 acre per inch. 

The above values are based on the amount diverted from the river. 
In order to determine the amount of water applied to the land, seepage 
losses must be taken into consideration. During the season of 1902 
seepage measurements were made on the High Line canal, with a view 
to determining the loss in different sections of the canal. In the follow- 
ing summary is given the result of the seepage test made in June, 1902. 

Seepage in first 10 iniles of High Line canol., measured June ^4i 190^. 

[In cubic feet per second.] 

Discharge 0.5 mile below head gate 98. 67 

Discharge 1 mile tunnel 87. 47 

Loss in 10 miles 11.20 

Loss per mile 1. 12 

Percentage of loss 11. 35 

In this first 10 miles there are no diversions. The canal traverses a 
steep sidehill almost the entire distance, gaining the top of the ben9h 
near the point where the lower measurement was made. On July 18, 
1900, the seepage loss, measured in this same section when the dis- 
charge was 114.5 cubic feet per second at the head, was found to be 
12.9 per cent of the amount entering the head. The loss in the next 
16 miles was determined June 25. The results appear in the following 
table: 

Seepage loss from High Line canal between mileposts 11 and ^ June 25, 1902, 

[In cubic feet per second.] 

Discharge near 11-mile post 89. 69 

Discharge near 27-mile post 19. 87 

Diversions in section 54. 71 

Total outflow from section j 74. 58 

Loss in 16.5 miles 15. 11 

Loss per mile 92 

Percentage of loss per cent. . 16. 85 

a Bainfall, assumed to be same as at Government Weather Bureau station, Bozeman. 
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The loss in this same section of canal as determined on July 19, 
1900, was found to be 15.13 cubic feet per second when the discharge 
at the head of the section was 99.66 cubic feet per second. 

Based on the measurements made in 1902, the seepage loss in the 
26.5 miles of canal measured would be as follows: 

Seepage loss in S6,6 miles of High Line canal^ June £4-^6^ 190^, 

[In cubic feet per second.] 

Discharge at point 0.5 mile below head \ 98. 68 

Discharge near 27-mile post 19. 87 

Diversions in section .. - 54.71 

Total outflow from section 74. 58 

Loss 24.10 

Correction due to change in flow of canal 2. 22 

Total loss in 26.5 miles 26.32 

Loss per mile 99 

Percentage of loss per cent. . 26. 67 

Taking this 26.67 per cent as representing loss in transmission in 
main canal line, and disregarding losses in distributary laterals, we 
have as the depth of water on the 2,343 acres irrigated during 1902 
4.19 feet. 

DUTT OF WATER UNDER KUGHEN DITCH. 

The rating flume on the Kughen ditch is located about 0.5 mile 
below the head of the canal and about 300 yards above»where the first 
lateral takes water from the ditch. As there was no suitable structure 
on the canal which would answer as a rating flume, a new flume was 
placed in the canal. The section of the canal both above and below 
the flume for a distance of 100 to 200 yards is in splendid condition as 
to alignment and cross section. The flume is 14 feet long by 10 feet 
wide and so placed that little or no eddying is caused either by the 
waters entering or leaving the flume. The average depth of water in 
the flume when the canal was carrying its normal amount was about 
2.5 feet. 

This flume was provided with recording register and was carefully 
rated during the season. The daily flow from June 4 to August 16, 
inclusive, a period of seventy-four days, is sunamarized in the follow- 
ing table: 

Discharge of Kughen ditch, 190^. 



Month. 



June (4-80) .. 

July 

August (1-16) 

Season. 



Average flow. 



Cu. ft. per sec. 
49.4 
58.6 
33.7 



Miner's in. 
1,976 
2,344 
1,348 



Discharge. 



49.9 



1,996 



Acre-feet. 
2,646 
8,603 
1,079 



7,328 
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The area irrigated during the season was obtained by a survey made 
for that purpose. Care was taken to eliminate all waste land, so that 
results obtained should represent the exact area dev^oted to crops. 

In the following table is given the area devoted to the various crops 
raised on each farm entitled to water from the ditch: 

Area of crops irrigated under Kughen ditch^ 190S. 



Name. 


Barley. 


Wheat. 


Oats. 


Flax. 
Acres. 


Clover. 


Timo- 
thy. 

Acres. 


Pas- 
ture. 

Acres. 
6.97 


Summer 
fallow. 


Total 
acreage. 


Qreen Younir 


Acres. 
81.50 
70.22 
37.52 

107.90 


Acres. 
12.39 


Acres. 


Acres. 


Acres. 

72.53 
169. 20 
196. 14 
140. 74 
110.88 

87.60 
117. 09 
203.64 


Acres. 
172.39 


Joe Johnson 


Tl. 79 

281.16 

23.42 






312.21 


Q. Q. Johnson 




43.62 


"'ie.'ss' 


407.44 


D. Cameron 


1 


288.59 


J. B. Corrie 


121.68 






232.56 


William Lawrence 












2.75 


90.35 


Frank Heiskell 


160.80 

182.29 

76.76 

96.28 

87.80 








3.44 




281.33 


T. E. Kirk 








1 


385.93 


Catherine E. Clark 




1 


1 


75.76 


Mrs. A. J. Rowland 








1 


145. 32 
136.58 


240.60 


Mathias Nieble 




56.24 
89.02 




' 


■280.62 


Mary E. Matthews 


1 




39.02 


J. White Place 








36.77 






36.77 


















Total 


899.07 


12.89 


422. 63 


121.68 


3.44 


80.39 


25.25 


1,378.72 


2, 943. 67 







Deducting the 1,378.72 acres of summer-fallowed land, which 
received no water during the season, gives the area devoted to irri- 
gated crops as 1,564.85 acres. Of this area over half was devoted to 
barley and the greater part of the remainder to oats, less than one- 
tenth the area producing hay crops. 

The following summary shows the duty of water as based upon the 
area given above: 

Duty of water under Kughen ditch, 190^. 

Duration of irrigation season^ June 4 to August 16. . . . .days. . 74 

Area irrigated acres. . 1, 564. 85 

Water received by land acre-feet. . 7, 328. 00 

Depth of water used in irrigation feet. . 4. 68 

Depth of rainfall * do .33 

Total depth of water received by land do 5. 01 

Based on a period of seventy-four days, the average flow in the 
canal at the rating flume was 49.9 cubic feet per second, showing a 
duty of 31.34 acres per cubic foot per second; 1 inch was used for 
every 0.78 acre. As the water is used near the head of the ditch no 
correction need be made for seepage losses. 

DUTY OF WATER UNDER WEAVER AND STONE DITCH. 

As mentioned previously the Weaver and Stone ditch is representa- 
tive of the small cooperative ditches which are quite numerous on the 
West Gallatin. It heads on the east side of the river 6 miles below 
the head of the Kughen ditch. IVom the point of diversion the ditch 
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flows almost due north for a distance of 4.5 miles, where it reaches the 
two farms on which its waters are used. The rating flume in this 
canal was placed about 100 yards below the head of the ditch. The 
flume was made 8 feet long by 4.7 feet wide and was provided with a 
recording register. The season's record covered a period of seventy- 
seven days, extending from June 1 to August 16. The discharge of 
the ditch is summarized in the following table: 

Discharge of Weaver and Stone ditchy 190^. 



Month. 


Average flow. 


Discharge. 


June 


Ou.ft.persec. 
9.34 
5.58 
7.15 


Miner's in. 
374 
223 
286 


Acre-feet. 
556 


July 


343 


August (1-16) 


228 






Season 


7.38 


295 


1,127 


■X 



Only portions of the Weaver and Stone farms require irrigation, 
the remainder being sufficiently moist by reason of seepage waters 
from irrigated lands above. In order to obtain the acreage subject to 
irrigation during the season of 1902 a stadia survey was made. The 
results of this survey appear in the following table: 

Irrigated lands under Weaver and Stone ditchy 1902. 



Name. 


Barley. 


Wheat. 


Oats. 


Clover. 


Alfalfa. 


Wild hay. 


TotAl. 


A. D. Weaver 


Acres. 


Acres. 
74.69 


Acres. 
4.59 


Acres. 
3.21 


Acres. 
23.13 
40.18 


Acres. 


Acres. 
105. 62 


D. stone 


38.12 


17.22 


95.52 












Total 


38.12 


74.69 


4.59 


3.21 


63.31 


17.22 


201.14 







The total discharge for the season would cover this area to a depth 
of 5.56 feet. The average flow at the rating flume during the seventy- 
seven days of record was 7.38 cubic feet per second, making the duty 
of water 27.25 acres for each cubic foot per second, or 0.68 acre per 
inch. 

A measurement to determine seepage losses in the long supply canal 
was made during the latter part of the season. This measurement 
showed that when there was a discharge of 4.52 cubic feet per second, 
the long transmission in the small ditch, without either uniform grade 
or cross section, caused a loss of approximately 50 per cent. When 
this is taken into consideration, the depth of water received by the 
Weaver and Stone farms is 2.78 feet. This is a duty of 54.5 acres per 
cubic foot per second, or 1.36 acres per inch. 
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WATEB BIGHTS IN THE WEST GALLATIN BASIN. 

Permanent settlement of the Gallatin Basin began in July, 1864, at 
which time J. M. Bozeman, the pioneer of the Bozeman route to the 
North Platte Kiver, founded Bozeman, the county seat of Gallatin 
County. Since that time settlement has increased steadily until at the 
present time the entire cultivable area of the valley section is under 
private ownership, and, with the exception of a few scattering tracts 
in the mountainous section, no. land is now open for settlement, the 
only means of acquirement being by purchase. 

During the period of development, covering a space of nearly forty 
years, water for the irrigation of the lands of the valley has been taken 
promiscuously from the many streams, both large and small, which 
enter the valley. Until within the last few years water has been 
diverted from the various streams without let or hindrance. 

The lands first to be reclaimed were those which were the easiest of 
cultivation and upon which water could be conveyed with but little 
difficulty. Such lands, almost without exception, were located on the 
lower parts of the streams, and it is in these sections that the oldest 
rights are found. As settlement of the valley inoreased, lands higher 
up on the stream were brought under cultivation and ditches were 
taken from the streams at the most convenient points. 

The first ditches built were small, being individual or small cooper- 
ative enterprises. After all the easily available land had been brought 
under irrigation by these small systems, incorporated canal companies 
were formed which planned, and in a few instances constructed, large 
canal systems which head well up on the larger streams and by fol- 
lowing long circuitous routes have been able to supply the higher 
benchJands. As no system of stream control existed, these diversions 
increased unrestrictedly from year to year until a slight shortage was 
felt by the irrigators on the lower part of- the streams. When this 
stage was reached the lower irrigators, determined not to be thus 
deprived of their water supply, moved the heads of their ditches up- 
stream to points where the river's supply was not so greatly depleted. 
On the same theory the next higher irrigator, when a shortage began 
to be felt, moved hjs head gate upstream also. As a result we have at 
the present .time a system, especially noticeable on the West Gallatin 
River, in which numerous small individual and partnership ditches 
serve farms which lie anywhere from 2 to 6 miles below the points of 
diversion. These long parallel ditch lines, in addition to having 
required an immense amount of uncalled-for labor in their construc- 
tion, are very ineffective as water carriers and lose by seepage in 
transit from 25 to 60 per cent of the ariaounts diverted. The scheme, 
therefore, which )|vas originally intended to increase the water supply 
for the lower irrigators, has really been of little benefit to them, and 
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has certainly been a serious drawback to the irrigated section in 
general. 

The present condition is but a development of the conditions described 
above, only complicated somewhat by one or two recent years of 
short water supply. The man on the lower end of the stream claims 
those above him are using more water than their just share, while the 
man above says he has no more than he needs, but the large incor- 
porated canals divert water in excess of their rights or needs, and 
allow the surplus to run back into the river at the ends of their canals 
too low down on the stream for subsequent diversion. The. officers of 
the larger canals say there is water enough for all if only economical 
use is practiced. Meanwhile new appropriations are being made each 
year higher and higher on the tributaries. On some of the streams 
the day is long passed when the abundance of the supply served to 
prevent litigation, notably on Middle Creek. 

The necessity for litigation arises from the fact that rights are 
acquired without public supervision and therefore without public 
records. While their existence is unquestioned, under existing laws 
they must remain undefined either as to volume or time until defined 
by the courts as a result of litigation between claimants. Naturally^ 
such litigation will not arise until the supply of water is insufficient to 
supply all demands. 

In 1885 a law was enacted requiring all parties wishing to acquire 
rights to water to po§t notices stating the number of inches claimed; 
the purpose for which it is claimed; the place of intended use; the 
means of diversion, with size of flume, ditch, pipe, or aqueduct by 
which he intended to divert it; the date of appropriation, and the name 
of the appropriator. Within twenty days a copy of this notice, with 
the name of the stream and accurate description of the point of diver- 
sion, must be filed with the county clerk and verified by the affidavit, 
of the appropriator or some one in his behalf. Within forty days 
after posting work must be begun, and must be prosecuted with rea- 
sonable diligence to completion. ''If the ditch or flume when con- 
structed is inadequate to convey the amount of water claimed in the 
notice aforesaid, the excess claimed above the capacity of the ditch or 
flume shall be subject to appropriation by any other person." If this 
law is complied with the right to the use of water relates back to the 
date of posting the notice. 

It will be seen that the notice provided for is posted and filed before 
the work is begun and that the beginning of the work within forty 
days and its diligent prosecution to completion are necessary to the 
acquirement of a right, and that this right is limited by the capacity of 
the works, not by the amount claimed. The record, therefore, is evi- 
dence of the intention of the claimants only, and not in any way an 
index of the rights acquired. 



80 

The same law provided that those who had accjuired rights previous 
to its passage should within six months file with the county clerks 
declarations in writing containing the same facts required in the 
notices previously referred to, ''I^ovi(hd^ That a failure to comply 
with the requirements of this section shall in no wise work a for- 
feiture of such heretofore acquired rights, or prevent any such claim- 
ant from establishing such rights in the courts." This section is 
inoperative, because without the last clause it would be void and with 
it the record will be incomplete.' The only value these records have 
is as ''prima facie evidence of the statements therein contained." 
With a view to determining the completeness and the accuracy of this 
record, especially that portion relating to the rights in the Gallatin 
Basin, a careful and complete investigation was made of the entire 
record on file in the recorder's office of Gallatin (bounty. The com- 
plete record occupies parts of 15 large volumes and contains between 
2,000 and 3,000 recorded notices of appropriation and claims to water. 
Some of these records date back to the time when Gallatin County 
extended as far to the east as Billings and Miles City, and embraced 
the territory which now comprises the counties of Park, Sweetgrass, 
Carbon, Yellowstone, Rosebud, and Custer. Among the early records 
were found claims to water from such streams as the Musselshell and 
the Yellowstone rivers. Some of these old claims dated back to the 
"sixties" and represented some of the oldest rights on these streams. 

Until within the last few years it was the custom to record all 
claims and notices of appropriation in the miscellaneous record and 
index it only as such. Within recent years, however, separate books 
have been provided for the water record, and in these have been placed 
all the notices and claims relative to the appropriation of water. This 
record is quite complete and easy of access. 

In the following table are given the abstracts of the (xallatin Basin 
record, classed according to the stream on which the claims were 
made. The claipis have been grouped according to the main stream 
and its tributaries, and are divided into "definite" and "indefinite" 
claims. The former contains all claims in which the amount of water 
is expressed in miner's inches or cubic feet per second, while the latter 
contains all claims in which the amount was expressed in indefinite 
terms, such, for instance, as "all the stream," "all this ditch will 
carry," "all this ditch takes," "sufficient for my land," and many 
similar expressions. The claims given for the West Gallatin River, 
Middle Creek, Bozeman Creek, East Bear or Flannery Creek, Rocky 
Canyon Creek, Bridger Creek, and the East Gallatin River are 
claims to water from the main streams themselves. The claims on 
the tributaries of these main streams are indented under the main 
streams. 
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Summary of recorded claims to watery Gallatin Basin, 



Name of stream. 



West Gallatin and tributaries.. 
Cottonwood Creek (south), 

Bear Creek (west) 

Wilson Creek 

Middle Creek 

Bozeman Creek , 



Eas*, Bear or Flannery Creek. 
Rocky Canyon Creek 



Bridger Creek. 



Lyman Creek 

Spring or Churn Creek 

Cottonwood Creek 

Bostwick Creek , 

Springhill or Ross Creek 

Reese Creek 

Dry Creek (north) .* 

Dry Creek (south) 

Doc Corran Creek 

East Gallatin River 

Springs and creeks (not definitely located) 



Definite claims. 



Number. Amount. 



118 

11 

10 

4 

29 

29 

H 
23 

9 

U 



2 

8 
17 

5 
12 

1 



Miner's ins. 

315,456 

7,590 

6,195 

600 

14,300 

17,570 

4,161 
10,926 

1,590 

2.460 



800 

200 

15,610 

1.600 

2,145 

150 



8 
50 



3,147.5 
12,399 



Indefinite claims. 



Number. 



Amount. 



24 Various. 
2 ; Not given. 
5 i Claim all. 



4 
1 
1 



1 
5 
1 
1 
6 
2 



1 
4 

1 
2 
1 
1 

7 
21 



Not given. 
Claim all. 
Not given. 

Do. 
Claim all. 
Not given. 
One-third of stream. 
Claim all. 
All of stream. 

Not given. 
All of stream. 

Do. 
All; ndt given. 
All of stream. 
Not given. 

Do. 
Various. 



The foregoing table represents the entire water-right record of the 
Gallatin Basin, which comprises some 450 notices of appropriation 
and claims to water. As mentioned previously, this record can not be 
taken as a guide to existing rights for the reason that probably not to 
exceed one-half of the claims were followed by diversions, and for the 
further reason that probably not over two-thirds of the actual appro- 
priators in the basin, taking the record of the West Gallatin River as 
a criterion, have ever had their rights recorded, the other third choos- 
ing to trust to diversion and use to validate their rights rather than 
go to the expense of recording their rights when such procedure guar- 
anteed neither security of title nor immunity from litigation. 

To bring out the extent to which the streams of the Gallatin Basin 
have been overappropriated or rather overclaimed, the data taken 
from the records and the results of the season's stream measurements 
have been brought together in the table which follows. It must be 
remembered that the values given under the head ''Amount claimed" 
are only the amounts recorded in definite terms and do not include the 
large proportion of unrecorded rights or the rights which are recorded 
but do not have the amount claimed expressed in definite terms. The 
stream measurements, as mentioned in another part of this report, 
were made at points on the respective streams where their maximum 
flow would be encountered. The values given for stream flow are the 
averages of the measurements made during the irrigating season, 
which include both high and low water measurements. 
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C(rmpari8(m of the definUe claims to water , vrUk the average discharge of streams of Gallatin 

Basiriy season 190fS, 



Name of stream. 



WestOallatin and tributaries 
Cottonwood Creek (soutli) . . . 

Bear Creelt ( v^est) 

Wilson Creek 

Middle Creek 

Bozeman Creek .• 

East Bear or Flannery Creek 

Rocky Canyon Creek 

Bridger Creek 

Lyman Creek 

Cottonwood Creek 

Sprlnghill or Ross Creek 

Reese Creek 

Dry Greek (north) 



Nnmber. 


Amount. 




Miner* 8 ins. 


118 


815, 456 


11 


7,690 


10 


6,195 


4 


600 


29 


14,800 


29 


17,570 


14 


4,161 


23 


10,926 


7 


1,590 


11 


2,460 


2 


800 


17 


15,610 


6 


1,600 


12 


2,145 



Average discharge. 



Miner* 8 ins. 

66,125 

8,628 

944 

353 

4,680 

1,412 

482 

1,425 

3,806 

448 

282 

1,738 

930 

282 



Ou. ft. per sec. 

1,403.12 

88.21 

23.61 

8.83 
117.01 
86.29 
12.04 
85.62 
95.16 
11.07 

7.05 
43.46 
23.26 

7.05 



On West Bear Creek, in addition to the definite claims, amounting 
to over six times the average flow, there are five claims which assert 
a right to the entire sstream. Here we have a little stream whose 
average flow is about 1,000 inches filed upon to the extent of thirteen 
times its normal discharge. On Lyman Creek, the source of the city 
water supply of Bozeman, there are six claimants, each of whom has 
a recorded claim to the entire stream. On Bozeman, Bridger, Boss, 
Reese, and other important creeks the condition which exists is almost 
identical. 

In 1905 a law was enacted providing for a further addition to the 
water-right records of the State. A person having filed a notice as 
required by law may, when his works are completed, file for record a 
map and statement showing the completed work, made and sworn to 
by a competent engineer. This law does not do away with the neces- 
sity of a court proceeding for the defining of rights, but it provides a 
means whereby an appropriator may make a public record of the essen- 
tial facts as to his right — the location and capacity of his ditch, and the 
location and area of his irrigated lands as determined by surveys. The 
law is not mandatory, and will not make the record complete, but if 
an appropriator files a claim stating what he intends to do, and after 
completing his works files a map and statement according to law the 
evidence necessary for a proper defining of his right will always be 
at hand. 

At the same time that provision was made for recording rights, it 
was provided that in any action regarding water rights all parties claim- 
ing rights to water from the same source might be made parties to the 
action, and all rights be (Jetermined in the one action. 



WATER RIGHTS ON MIDDLE CREEK. 



During the summer of 1864, John J. Chambers and Robert Gillespie 
settled on unsurveyed lands near the banks of Middle Creek about 6 
miles west of the town of Bozeman. In the fall of 1864 these settlers 
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conveyed about 100 miner's inches of water to land through two ditches 
• dug to tap the waters of Middle Creek. In the years 1864 to 1869, 
inclusive, additional tracts of land were preempted, or homesteaded, 
by.new settlers, each of whom either constructed his own ditch from 
Middle Creek or ac. aired an interest in his neighbor's ditch. These 
first settlers, to the number of thirteen, diverted streams at various 
points along the lower 9 miles of this creek and were subsequently 
known in the litigation which ensued as the Lower Middle Creek 
appropriatorsi 

Lands had been acquired prior to 1870 in the vicinity of the upper 
part of Middle Creek, but no diversions had been made from this 
section of the stream. This delay is readily accounted for. The best 
agricultural lands were situated 1 or more miles from the channel of 
the stream; the cost of building ditches, owing to the high banks and 
the long distances, would be considerable, and, lastly, the lower irriga- 
tors, having acquired prior rights to the waters of the same stream, 
might contest the water rights of the upper settlers. To overcome 
the physical difficulties in the way of obtaining water for their land, 
and to procure greater financial strength in the prospective litigation 
with the lower Middle Creek irrigators, the settlers on the upper part 
of the stream formed themselves into an association, called the Upper 
Middle Creek Company. This was the first cooperative effort on the 
part of Middle Creek water users. 

For the purpose of avoiding a conflict, this association began to 
negotiate with the farmers on the lower part of the stream. This 
resulted in the fall of 1871 in a contract which provided for an 
exchange of water. The Upper Middle Creek Company conceded to 
the lower users their prior rights to the waters of the creek, to the 
extent of the capacities of their several ditches, and agreed to construct 
and maintain a canal to convey water from the West Gallatin River 
to the channel of Middle Creek above the head gates of the lower 
users in quantities to equal if not to exceed the aggregate capacity of 
the lower ditches. The upper irrigators reasoned that if their associa- 
tion was willing to bear all the expenses in conveying water from a 
source which had an abundant surplus to the channel of Middle Creek 
they would then be entitled to divert from Middle Creek at higher 
points a volume of water equal to that which was to be conveyed 
from the West Gallatin River. 

Several stipulations were inserted in this contract to protect the 
lower Middle Creek appropriators, the chief of which were that the 
upper company should acquire no rights to the use of said water until 
the supply ditch was built and furnishing water, and that the rights 
granted by the contract should be suspended if the quantity of water 
furnished through the supply ditch should be less than the aggregate 
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of the quantities of water then taken out of Middle Creek by the lower 
appropriators. 

In consideration of these stipulations the lower appropriators, citing 
the words of the contract, "do hereby give and grant unto the said 
members of the said ditch company and to their heirs and assigns our 
rights respectively to the use of the water naturally flowing in Middle 
Creek to the extent and capacit}^ of said supply ditch of said company 
and the waters actually supplied by it into Middle Creek." 

This contract was signed by nearly all of the lower appropriators, 
but never was acknowledged or recorded in the records of Gallatin 
County. 

In pursuance of the contract the company completed the main por- 
tion of its ditch from Middle Creek and also the suppl}'^ ditch from the 
West Gallatin River. The latter was begun in March and completed 
June 9, 1872. It was 12 feet wide on the bottom, with varying depths 
and grade, and was intended to carry 3,000 miner's inches. The con- 
tractors were paid by cash assessments levied on members of the asso- 
ciation. 

Middle Creek ditch was also built by the members of the same asso- 
ciation. Instead, however, of levying an assessment payable in cash, 
each stockholder was required to provide a certain number of men and 
ox teams, and to perform an amount of work proportionate to his 
interest in the new canal. At that time one share entitled the owner 
to the use of 100 miner's inches. 

For ten years after the building of Middle Creek canal there were 
disputes over water rights, but no court proceedings were instituted 
until the spring of 1883. . During this interval a third disturbing ele- 
ment had been introduced in the form of thirty or more new appro- 
priators, who had settled on lands above the Middle Creek canal and 
diverted water from the upper part of Middle Creek. The rights of 
these latest claimants, with one or two exceptions, were of later date 
than those of the lower Middle Creek appropriators and the Middle 
Creek Ditch Company, but their position on the stream gave them 
decided advantages. 

In April, 1883, John M. Robinson and the lower appropriators to 
the number of twenty-one entered suit against Charles E. Hoy and 
thirty-eight other appropriators who had diverted water from the 
upper part of Middle Creek. At this time the lower irrigators had 
just cause to seek redress. The Upper Middle Creek Company had 
failed to comply with the terms of the contract signed in 1871, in that 
they neglected to maintain and operate the supply ditch from the West 
Gallatin River. This neglect on their part was trivial when compared 
with the damage inflicted on the plaintiffs by the new settlers, who, 
through their numerous ditches near the mouth of Middle Creek 
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canyon, had diverted the greater part of the flow of the stream, caus- 
ing'it to become dry at times above the mouth of the supply ditch. 

A decision was rendered by Judge Wade in October, 1883^ in which 
he decreed 2,415 miner's inches to the twenty -two plaintiflFs and 445 
miner's inches to the thirty-nine defendants. Little benefit resulted 
to any of the interested parties from this suit. It was a futile attempt 
to adjudicate priorities between a certain number of claimants and to 
exclude others who had valid rights to the stream, but were neither 
plaintiffs nor defendants. 

The Upper Middle Creek Company was maintained until 1886, when 
it was changed to a corporation under the name of the Upper Middle 
Creek Supply Ditch Company. This company was succeeded in Jan- 
uary, 1890, by the present Middle Creek Ditch Company. 

On July 15, 1890, the contract of 1871 was annulled by the consent 
of all parties in interest, and a new arrangemejnt was made whereby 
the supply ditch with its water right was deeded to the lower Middle 
Creek appropriators by the Middle Creek Ditch Company in exchange 
for water rights on Middle Creek. 

In 1889-90 the Middle Creek Ditch Company renewed the contest 
against the upper irrigators which was begun by John M,. Robinson 
and his associates in 1883. This suit was known as the Middle Creek 
Ditch Company v, John J. Henr}" et al. There were in all twenty- 
two defendants, who had settled on bench lands near the mouth of the 
canyon, and had diverted water from Middle Creek for irrigation 
purposes for the most part subsequent to 1870. 

More than two years elapsed between the time of issuing a writ of 
injunction against the defendants and the beginning of the trial. On 
July 9, 1889, the defendants were restrained from interfering with 
the waters of Middle Creek and on November 27, 1891, the trial 
began. There were so many witnesses to examine that the case occu- 
pied the time of the court for a period of twenty-three days. 

April 22, 1892, the court rendered a decision, holding that when 
the lower claimants entered into the contract of 1871 for a con-' 
sideration they abandoned all right and interest in the natural 
flow of Middle Creek. This ruling was extremely adverse to the 
Middle Creek Ditch Company, inasmuch as it changed the date of 
appropriation of nearly one-half of the flow of its canal from the 
years 1864, 1865, 1866, and 1867 to a time subsequent to 1871. The 
plaintiff company then moved for a new trial, and the motion being 
denied the case was appealed to the supreme court of the State. 
By a decision rendered April 1, 1895, the supreme court reversed the 
ruling of the lower court in excluding certain evidence and remanded 
the case for a new trial. 

So, after nearly six years of litigation the litigants began to realize 
that little had been done toward a final settlement of their claims 
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to water. The long-continued contest had converted former friends 
into enemies, the uncertainty in regard to the use of water had dimin- 
ished the products of their fields, and the unusually heavy cash 
assessments that were levied annually to maintain their actions in 
court had deprived them of needed comforts at home. The demand 
for peace finally prevailed and a compromise was effected. 

On August 15, 1896, an agreement was entered into regarding the 
dates of appropriation and the ' corresponding quantities of water 
which should be allotted to each legal claimant. This agreement, 
with the consent of all parties interested, was afterwards embodied 
in a decree rendered by Judge Henry, of the ninth judicial district, 
on March 11, 1897. The following is a summary of Judge Henry's 
decision: 

It is ordered that the plaintiff, the Middle Creek Ditch Company, is entitled to 
use and to the use, control, disposal, benefit, distribution, and enjoyment of 2,900 
inches, statutory measurement (72.5 second-feet), of the waters of Middle Creek, 
according to the respective dates of appropriation thereof, and in the quantities of 
the said appropriations as follows: 



Date of 
appro- 
priation. 


Name of appropriator, 

« 


Statutory 
inches.a 


Remarks. 


1864 


Robert GillesDie 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


- 


1864 


John J. Chamoers 




1866 

1866 


Chris. M. Waterman 

Horace Salter 




1866 


Calvin Jewett 




1865 


John McCormick 


The first 13 appropriators herein given were 
known as the ** Lower Middle Creek appro- 
priators." 


1866 


Elbert E. Robinson 


1866 


John M. Robinson 


1866 


Eliza B. Sanford 


1866 


Georare Austin 




1867 


Aaron T. Ford 




1867 


James McCormiek 




1869 


Moses W. Ooodall 






Henry Monforten 






1,800 


4 


1866 


100 
100 
100 
100 
125 
200 
150 
100 
175 
100 
75 
100 
175 




1870 


John Kittle 




1871 




Through Ray and Eckley ditch. 
Cline, Ferguson, and Baxter ditch. 
Mitchell. Cleveland, and Baxter ditch. 


1871 




1872 




1872 




Ray And Eckley ditch. 

Through Main canal. 

Cline, Ferguson, and Baxter ditch. 

MaIti patir . 


1873 




1873 




1876 




1877 




Do. 


1879 




Ray and Eckley ditch. 

Mitchell. Cleveland and Baxter ditch 


1880 




1881 




Cleveland, Ferguson, and Baxter ditch. 








1,600 





a 100 Montana statutory inches are equivalent to 2.6 second-feet. 

The later appropriations, known as the Upper Middle Creek appro- 
priations, amounting to 1,600 statutory inches (40 cubic feet per second), 
together with the former 1,300 statutory inches (32.5 cubic feet per 
second), make up the 2,900 inches, or 72.6 cubic feet per second, 
decreed to the plaintiffs. 
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To John J. Henry and his associates to the number of twenty -two, 
who were the defendants in the case, were decreed the following 
quantities: 



Date of appropriation. 



June, 1866 

July, 1866 

July, 1868 

June, 1869 , 

October, 1869 

Do : 

June, 1870 

April, 1872 , 

June, 1872 

July, 1878 

July, 1876 

April, 1877... 

July, 1877 

May, 1878 

Do 

Do 

Do 

June, 1878 

Do 

April, 1881 

July, 1881 

May, 1882 

July, 1882 



Name of appropriator. 



John J. Henry and Edwin Hodgman 

Henry Monforten 

John J. Henry and Henry Hodgman 

Randolph W. Brooks 

White Caldwell 

Joseph Plumb 

William Welch 

do 

William Kent 

Henry Monforten 

S. M. Gowan 

James White 

John J. Henry 

Edwin Hodgman 

Charles Loverich 

Joseph McElroy 

Charles E. Hoy 

Joseph McReynolds 

John D. Hufflne 

Charles Holme» (administrator) 

Randolph W. Brooks 

Charles E. Hoy 

Henry Monforten 



...». , 



Statutory 
inches. 



50 
100 
100 
100 
100 
100 
100 
100 

75 
100 
100 
100 
200 
100 
120 
120 
250 
100 
100 
125 
100 
100 
100 



2,540 



The water rights of John J. Henry and Henry Hodgman, which date 
back to 1866 and include 160 inches (3,75 cubic feet per second in the 
decision), formed the old Penwell right, and the court permitted Henry 
and Hodgman to change the place of diversion from Lower Middle 
Creek to one near the mouth of the canyon. 

Comment on the foregoing statement of facts seems unnecessary. 
It tells the familiar story of heroic efforts to subdue the desert and 
maintain at the same time an action in court over a contested water 
right. 

From 1891 to 1895, inclusive, a period of five years, the Middle 
Creek Ditch Company levied in cash assessments $5,259.50. The dis- 
bursements of this sum are grouped under the following heads: 

For services of attorney $3,160.00 

For court fees 909.30 

For canal maintenance and repairs ^ 737. 20 

For miscellaneous expenses 1 363. 00 

Total 5,259.50 

The expenses in court fees are low, because the Middle Creek Ditch 
Company won the suit and the other litigants paid the greater part of 
the costs. The writer has no opportunity to ascertain accurately the 
aggregate cost to all the litigants. It is safe to say that if all the 
losses in time and money incurred by the irrigators of this stream in 
defending their rights to water were reckoned, the sum would reach 
$13,000. 
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The aggregate quantity of water decreed is 136 cubic feet per sec- 
ond. Assuming the present commercial value of a cubic foot per 
second, or 40 Montana statutory inches, in Middle Creek to be $300, 
the total value of the water adjudicated would be $40,800; that is to 
say, it has cost nearly one-third what the water is worth to obtain a 
judgment, and this judgment is of little practical benefit to the irri- 
gators, because there is not a single measuring device on any of the 
ditches by means of which an appropriation can be measured, and in 
consequence the distribution is only guesswork, just as it was before 
a decree was rendered. 

WATER RIGHTS ON WEST GALLATIK RIVER. 

In the years 1864 and 1865, simultaneously with the early settle- 
ment on Middle Creek, the waters of the West Gallatin River were 
first used in the irrigation of the bottom lands along the Jower reaches 
of the river. The greater number of these earlier ditches were indi- 
vidual or small cooperative enterprises. Between 1865 and 1880 the 
irrigated area increased steadily and to such an extent that greater- 
effort was required than could be put forth by the small cooperative 
organizations; and at this time and during the succeeding eight or ten 
years the larger cooperative and canal organizations and incorporated 
companies came into existence and began the rapid extension of canals 
to the higher lands. Since 1890 a few new ditches have been con- 
structed, but development has been chiefly along the line of extension 
of the older ditches. 

The development of irrigation on this stream has been punctuated 
with many minor quarrels over water rights, but these for the most 
part have been on a small scale. The onl}'^ case which has reached the 
courts and which has involved any considerable number of interests 
was a suit instituted in the district court in the spring of 1892. The 
suit wa&^brought by T. J. Lynde, owner of considerable land near 
Salesville and also of a sawmill, which derived its power from the river ^ 
at that point, against a great number of the older appropriators on 
the river. The suit was brought by stipulation for the purpose of 
legally defining the rights of the litigants and making the procedure a 
matter of record. In his complaint the plaintiff set forth as his chief 
cause for action that his was an old right to water, having been 
acquired by appropriation in 1868, and that in course of a few years 
the witnesses by whom he could establish his right to water would in 
all human probability die and he would then be unable to prove or 
establish this just right. In closing his complaint he took advantage 
of that section of the irrigation law providing that he might make all 
the appropriators from the same source defendants. 

Such testimony as was taken in the trial of the case was of a super- 
ficial nature and little or no effort was made to verify the amounts of 
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water claimed or the dates of first use as submitted by the defendants 
in their respective answers. By stipulation and agreement the defend- 
ants consented to the decree which gave to each party to the action^ 
plaintiff and defendants alike, the amount of water claimed. 

Owing, however, to the motives which prompted those interested in 
bringing suit and to the loose way in which the rights of the various 
parties to the action were determined, the decree fell into disrepute, 
and so far as the West Gallatin irrigators at the present time are con- 
cerned the action might as well have not been instituted. A law passed 
in 1905, making decrees "based upon evidence introduced and not upon 
stipulations or admissions of the parties" prima facie evidence of the 
facts therein contained, implies that the decree is equally valueless as 
a record to be used in defining rights in the future. 

Up to within the last three or four years the river's supply has been 
adequate; but owing to an increased use of water and to one or two 
years of short water supply since, such as those of 1900 and 1901, the 
question of water rights has become a live issue and one which is caus- 
ing a good deal of discussion among all appropriators, regardless of the 
size of their holdings. 

During the season of 1900 the water supply was considerably less 
than in former years, and toward the lower end of the river the short- 
age was keenly felt. This shortage at the lower end was not due 
entirely to the decreased flow of the river, but was due to the lack of 
stream control, for had its flow been equitably distributed every one 
would have had suflBcient for his needs. The ditches and canals higher 
up on the river diverted their usual amounts of water with the result 
that those on the lower reaches were forced to do with a short supply. 
This condition led to the organization of the Farmers' Defense Asso- 
ciation by the appropriators on the lower reaches of the river. 

This organization, asi at first outlined, was to include only those 
whose rights dated prior to that of the West Gallatin Irrigation Com- 
pany. Its object was to institute civil action against this company and 
all those holding subsequent rights and thus bring about a court adju- 
dication of the various interests. The movement, however, was not 
generally popular and for the first year failed of its object. The fol- 
lowing year, 1901, the water supply was still shorter than that of the 
previous year and early in the spring the organization was revived. 
It soon became apparent that unless the shortage was relieved by some 
means serious results would follow. During July the association sent 
a committee to interview the larger canal interests with a view to 
inducing them to decrease the amount of water they were diverting, so 
that the supply in the lower section of the river might be somewhat 
increased. The efforts of the committee met with success, and with 
this assistance the lower irrigators were enabled to get through the 
Aeason. The generous action of the large companies had the effect of 
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bringing all the irrigators on the river into a closer understanding, 
with the result that the original purpose of the association was aban- 
doned and a reorganization affected. The association as reorganized 
was made to include all those who wished an amicable settlement of 
water rights. The idea, however, of resorting to the courts was still 
retained and although the membership of the association comprised 
only a small proportion of the West Gallatin irrigators, it nevert1;ieless 
intended, if possible, to bring the question to an issue. Several law 
firms were interviewed by committees for the purpose of ascertaining 
the probable cost of the intended litigation. The terms of one firm 
were unique and present something new in the line of water-right 
protection; they offered to take the case for $40 per 100 inches of 
water obtained for each defendant. Nothing resulted, however, from 
the actions of the association, for as the season was drawing to a close 
and the farmers began to hope for a better supply the coming season, 
their desire to carry the question into the courts was lont sight of. 

With the opening of the season of 1902 an attempt was made to again 
revive the organization, but there was prospect of a good water supply, 
and the whole matter of bringing about any concerted action was 
given up. 

The association was instrumental in bringing relief to the lower 
irrigators in 1900 and 1901,' and their efforts along this line were well 
timed and in the right direction, but it can not be admitted that their 
desire to precipitate a lawsuit over water rights was well advised. The 
entire absence of any reliable and trustworthy data or records regard- 
ing the various rights either as to the amount used or as to the date of 
appropriation would make hasty litigation just at the present time 
most disastrous. 

What the irrigators of this section do not now possess and what is 
absolutel}"^ essential to an equitable and final adjudication of the stream 
may be enumerated under the following heads: 

(1) Reliable data relative to the early use of water from each ditch 
and the subsequent enlargement and extension of the same. 

(2) Trustworthy measurements of the flow of the West Gallatin 
River at various points along its course. 

(3) An accurate determination of the capacities of all ditches and 
canals on the river. 

(4) Accurate and simple means of measuring the flow in each ditch 
and canal, preferably a good rating flume or weir. 

(5) Data as to the amount of water from each ditch and canal which 
is put to a beneficial use during an average season. 

(6) An accurate survey and description of all lands which have been 
irrigated from each ditch. 

It was with a view to getting such data that the special investigation 
of water rights and their relation to the use of water from the West 
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Gallatin was begun* As mentioned in another part of this report, the 
investigation included a series of measurements of the various ditches 
and canals diverting water from the river. In addition to the data 
thus obtained, a careful study of all existing water rights was made. 
This water-right study included not only those rights of which a record 
has been made, but also those of which there is no record and which 
depend entirely for their validity upon actual appropriation and use. 
The material thus gathered has been brought together in the following 
tables, one of which deals with canals on the east side of the river, 
beginning with the highest, while the other takes up the canals on the. 
west side in a similar manner. 

In the two columns under the head of "Date of appropriation" are 
given the recorded and claimed dates of appropriation. One column 
contains all rights which have been recorded, while the other contains 
the dates of appropriation claimed by those whose rights have not 
been recorded. The figures in the column of "mean flow " are derived 
from tables given in another part of this report (see p. 20), and are 
inserted in these tables for the purpose of showing the wide discrep- 
ancy between the amounts claimed and the amounts actually diverted. 

We8t Gallatin River canals. 
WEST SIDE OF RIVER. 



Name of canal or ditch. 



WilllaxEUi, No. 1 

Williams, No. 2 (lower) 

CockriU 

Todd 



West Gallatin (high line) 

Sterling • 

LeBeau 

Railey 

Gabriel ... 

West Gallatin (short line) 

Kughen or Cameron 

Cameron, Nieble, Corrie & Clark — 

Conle 

Davidson, Leach, Smith «& Heiskell . 

Lewis 

Holgate & Grove 

Manhattan or Moreland 

Patterson &, Boss 

White or Cayuse 

Buckley, Curtis & Holgate 

Lamphear & Bnran 

Heeb <& Kennedy » , 

Heeb, No. 1 

Heeb, No. 2 

Cruse, No. 1 

l4Dwer Manhattan , 

Baker 



Date of appropriation. 



Recorded. 



Claimed. 



Aug. 16-18, 1886. 



/Aug. 7-18, 1889. 
tMay9, 1890.... 

July?, 1883... . 

1865-66 

May 15, 1890... 

1866a 



Aug,25, 1882. 



Aug. 26, 1882.,. 

1865 

Mar. 26, 1889... 

Oct. 6,1889 

1889 

June 12,1883... 
May 15, 1892... 
May, 1887 



1890 

July 19, 1901 



1882 
1881 
1867 



1875-76 
1880 



Amount 
claimed. 



1866 

1872-1888 

1868 



Inchei. 

400 

250 

750 

200 

60,000 

60,000 

1,000 

1,557 

440 

400 



3,600 



200 

2,000 

7,750 

1,000 

3,000 

2,000 

3,000 

1,000 

300 

400 

500 

100 



2,600 
1,000 



Mean 
flow, 1902. 



Inches. 

160 

606 

118 

60 

3,669 



264 

465 

88 

94 

869 

2,421 

555 

35 

1,136 
779 
502 
744 
356 

1,008 
342 
276 
118 
381 



138 
897 
213 



Acreage 
served. 



320 



160 

1,557 

360 

80 



2,943 
1,500 

100 
1,896 
2,395 

320 
5,440 

680 
1,360 

480 

280 



2,560 
240 



a Included in high-line appropriation. 
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West Oallatin River canals — Continued. 



EAST SIDE OF RIVER. 



Name of canal or ditch. 



Kleinschmldt 

Bush ; 

Ralph 

Farmers, or Excelsior 

Ferris 

Middle Creek Supply 

Aceola 

Beck, Border, Spring & Matthews 

Tudor ANieble 

Spain 

Waterman 



Ketterer, Owenhouse <& Stephens. 



Knadler<& Foerschler 

Stephens & Creasy 

Weaver & McDonald 

Knadler, White & Knadler , 

Hoffman, Stephens & Cook 

Weaver & Stone 

Learmouth, Ferguson, Owenhouse & 

Patcerson , 

Hoffman & Marks , 

Bell, Franks <& Creasy 

Old Creamery ditch 

Dawes Bros. & Porter 

Gibson <& Green 



Date of appropriation. 



Recorded. 



Sept. 29, 1890. 



Aug. 9,1894. 



Oct. 30,1886. 
/Feb. 20, 1890 

tl866 

July 4, 1882.. 
Apr. 12, 1883. 
May 1,1887.. 
June 1, 1898 . 
Dec. 20, 1899 
June 28, 1887 
June 10, 1888 
Mar. 12,1887 



Mar. 1, 1887 . 

Aug., 1881 .. 
/June 1,1892. 
tMay 13, 1901 

May 15, 1889 

May 20, 1887 



July 14, 1882 
Oct. 17, 1865. 



Claimed. 



1883 



1872 
1870 



{ 



1865-66 
1885 



1886 



1865 



Amount 
claimed. 



Inches. 



\ 



250 
5,000 



3,000 

(«) 

2,100 
350 
120 

1,200 

3,000 

2,600 
600 
200 

1,500 
300 

6220 
900 
400 

1,200 
200 

1,200 

1,000 
900 
bdO 
600 

1,000 

(55 



Mean 
flow, 1902. 



Inches. 
3,841 

a 



6,716 
712 

1,864 
200 
792 
165 



1,027 
"266" 



1,107 



465 
488 
495 
82 
437 
132 
848 



278 
224 
262 
245 
20 



Acreage 
served. 



2,000 
280 
120 

4,840 



1,000 



600 
320 

1,620 

SO 

800 

480 

1,360 



430 
900 
720 
380 
320 



a All ditch will carry. 



b Cubic feet per second. 



c Not given. 



dAll ditch takes. 



As shown above, for only about two-tbirds of the bona fide diversions 
from the West Gallatin River are claims recorded. On this subject 
of recording claims various irrigators expressed themselves. Those 
holding early rights which were not recorded made the statement that 
they felt that under the present law little was to be gained by record- 
ing their rights, and so long as it made no difference as to getting 
their water why should they go to the expense of recording when 
guaranteed no protection or benefit? On the other hand, those whose 
rights had been placed on record were prompted to the action on the 
principle that what would do no harm might some day do some good. 

The season of 1902, differing from those of the two years previous, 
was one of abundant water supply. Even the ^irrigators generally 
admitted that there was no cause for complaint, and said that all were 
drawing more water than they actually needed, 3^et despite this fact 
the figures in the table show that there were only four out of the 
whole fifty-one ditches whose average flow for the season in any way 
equaled or exceeded the amount claimed for them, while the greater 
majority drew only a fraction of the amount claimed. Right here 
will be encountered the great difficulty when it comes to the final 
adjudication of the rights to the stream's flow. Irrigators who have 
set up a claim to a certain amount of water for years, probably not 
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realizing in most instances the wide variation between the amount 
they use and the amount they claim, will, when the test comes, be 
loath to accept a smaller right, although it may be conclusively 
proved that they need no more. 

APPLICATION OF WATEK TO CEOPS. 

PBEPABING THE LAND. 

In Montana large expenditures have been made in building canals, 
but the skill which has been exercised in conveying water has not been 
extended to its proper application to the soil. This is usually attri- 
buted to the fact that irrigation has not been long practiced in Mon- 
tana, and the time of the agricultural classes has been occupied mainly 
with the diversion and conveyance of water, leaving them little time 
to put their fields in proper condition to receive water. This is true 
of many of the new districts. The settler who is striving to make a 
home in an arid country on a small amount of capital can not well 
afford to spend $10 per acre for a water right and an additional $10 
per acre in leveling, grading, and ditching his land. There is no valid 
excuse, however, for the people of the older-irrigated section continu- 
ing the use of the crude systems of pioneer days. 

The methods of preparing land for irrigation in Montana do not differ 
materially in even widely separated sections. There is less tall sage- 
brush than in Utah or Idaho, and there is a larger and more uniform 
growth of native grasses. In old irrigated sections, like Gallatin 
Valley, there is little unbroken land under the ditches. The usual 
preparation is therefore confined to the surface of fields which have 
been cultivated and sown to crops for many years. Gang plows, disk 
plows, sulky plows, and the ordinary walking plows are all more or 
less used. In the work care is taken to leave the surface as level as 
possible after the plow and to avoid the making of dead furrows. If 
the surface is rough a disk harrow is used to break up the lumps. 
It is leveled and smoothed with one of the many kinds of home-made 
levelers^ or with one of the patent levelers now on the market, and 
afterwards the seed is drilled in some 3 inches deep. 

A method of preparing new land, somewhat novel in Montana, has 
of late been introduced in Beaverhead County. Much of the irrigable 
land of this county is comparatively smooth and level and covered with 
low sagebrush and rabbit brush. A supply ditch is first dug across 
the upper end of the field to be plowed and smaller ditches are run 
down the steepest slopes from the supply ditch. By means of these 
supply and lateral ditches the new land is thoroughly irrigated, and 
when the top layer of soil has sufficiently dried out to pulverize freely 
it is plowed, disked, and leveled. The method is described by J. E. 
Morse, of Dillon, Mont., as follows: 
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We begin irrigating as early as May 10, and thus get tbe use of the high water in 
the spring when it is abundant. Water is again used for this purpose during the 
fall months when it is not needed for regular crops. The land is broken up with 
3-gang plows drawn by 8 horses. An outfit of this kind will average about 7 acres 
■per day. Soon after plowing the corners of the field and the dead furrows are thor- 
oughly disked. A leveler 24 feet long, made of square timbers and drawn by 6 or 
8 horses, is then drawn diagonally with the way the land was plowed. The field is 
again disked, in part at least, and the homemade leveler is dragged diagonally across 
the field for a second time, but in a different direction from the first time. This 
second leveling will generally put the ground in first-class condition for seeding. 
The field lies in a state of rest or summer fallow until the following spring, when it 
is seeded to oats. This work can usually be commenced in March or whenever the 
frost is out of the ground and the soil is thoroughly dry on top. We use a disk 
drill, and with 4 horses can seed from 16 to 20 acres a day. The amount of seed 
varies from 85 pounds, when sown daring the first half of April, to 100 pounds when 
sown in May. 

In some other parts of the State where irrigation is practiced the 
original surface is uneven, containing what is known as buffalo wal- 
lows. It is both difficult and costly to prepare such land for irriga- 
tion, the cost being sometimes over $10 per acre. The process of 
leveling involves the shifting of considerable quantities of earth. The 
grading, however, can not be successfully done on fresh sod, and the 
usual practice of preparing land of this character is to raise first a 
crop of wheat without water and when the sod is well decomposed and 
pulverized the grading can be done more cheaply and effectively. 
The removal of the top layer of soil from the high places in a field and 
its deposition in low places are also serious drawbacks, since the yield 
is much reduced on what was originally the edges of the wallows. 
Summer fallow and the action of frost, rain, and siinshine seem to be 
the common remedies for these spotSi A heavy coating of manure is 
also beneficial. 

Perhaps the most common mistake to be found in'&upply ditches is 
the steep grades on which many of them are built. In pioneer days 
water was Conducted along plow furrows running down the steepest 
slope. A channel of this kind, although small at first, was gradually 
increased by erosion until it finally became in the majority of cases a 
wide, deep chasm. These unsightly channels detract from the appear- 
ance and value of a farm, and cause the waste of much water through 
seepage. The most obvious remedy is to change the location; but this 
can not be easily done, for the reason that the rights of way for such 
water courses have become vested in one or more owners, and the loca- 
tion can not be changed to one of less grade without an abandonment 
of the old and the purchase of the new right of way. In such cases, 
tod for volumes not exceeding 200 miner's inches, the writer has rec- 
ommended the use of tile pipes laid at least 1 foot below the surface, in 
order to permit the surface to be cultivated. The value of the crops 
that can be raised on the land occupied by such ditches will in a short 
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time pay for the tile pipe. Other possible remedies are a change o{ 
location or the paving of the channel. 

Again, it not infrequently happens that the supply ditch first built 
fails to furnish water to the whole of the farm. This may be due to 
its small size or its location too low to cover the higher ground. The 
remedy, always costly, is to build a second feed ditch and either aban- 
don the first or operate and maintain both. 

Still another mistake which is common to this and other States is 
the location of ditches without any regard to drainage. Water is fre- 
quently forced from a lower to a higher point along the border of a 
field by the construction of levees which interfere with and tend to 
choke the natural water courses. The consequences are a water-logged 
soil, the rise of alkali, and unprofitable yields. 

FABM I^ATEBAIiS. 

These small ditches receive water from the supply ditch and dis- 
tribute it over the surface. On grain fields the field laterals are run 
after the crop is seeded and usually when it is a few inches above the 
ground. In the majority of cases these furrows are run by eye from 
the bordering ditch at varying intervals. Regarding the direction of 
the furrows there are two well-defined methods practiced in the State. 
In one the laterals are located either on straight lines and extend more 
or less diagonally across the field. In the other the head ditch is 
located across the upper end of the field and the laterals are run at 
right angles from it down the steepest slope. When the surface of 
the ground is smooth and level and the laterals carefully run on a 
grade of 0.5 to 0.75 inch to the rod the first is preferable. Sometimes 
large quantities of fine sand or other material are carried down the 
supply ditch and choke up the small field ditches on slight grades. In 
cases of this kind the lateral on a steep grade preserves a clear chan- 
nel and the sand is flushed out on the surface of the field. The distance 
between field laterals varies from about 70 feet in grain to 100 feet in 
hay fields. A 14 or 16 inch lister plow attached to a sulky frame and 
drawn by three horses is the implement most commonly used to make 
laterals. The furrows are cleaned out by a large shovel plow called a 
"dammer," which deposits a pile of earth in the laterals at intervals 
of 40 to 100 feet, depending on the grade. 

Objections are made to the presence of so many laterals, in a grain 
field in particular. At first thought it would seem that the occupying 
of space by laterals lessens the yield to the extent of the surface not 
under crop. In accordance with this mistaken idea some men space 
the laterals far apart in order to effect a saving. As a matter of fact 
nothing is gained by a wide space of 160 feet between the laterals, for 
the head of water ordinarily used can not be spread evenly over so 
wide a belt. The result is uneven distribution and consequent loss of 
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crops. Careful observation shows likewise that the yield is seldom 
much lessened by the presence of laterals for the following reasons: 
They increase the circulation of air and the amount of sunshine in a 
field bearing a medium or heavy crop, and they increase the yield 
along the lower edge of the lateral by subirrigation from the bed of 
the channel and by furnishing a top dressing of soil to nearby plants. 
The cost of leveling fields that have been cultivated for a number of 
years and making the laterals varies from 10 to 76 cents an acre, 
depending on the character of the soil and the degree of thoroughness 
with which the work is done. A brief description of the methods 
adopted and the average cost of such work from a few of the most 
successful irrigators of Montana are herewith given: 

Cost of preparing land for irrigation. 



Description of methods used. 



Land leveled, ditches made, and manure dams put in (first 

year, 50 cents). 
Land thoroughly leveled, laterals made with lister, and dams 

made. 
Land gone over with 4-horse leveler, and laterals made with 

disk plow. 
Land leveled, laterals made with ditch plow, and earth *,nd 

manure dams put in. 

Land leveled, laterals made, and dams put in 

Head ditches plowed after sowing, and dams made with 

dammer. 
Laterals made with 16-inch lister, and dams made with 

dammer. 
After cropping field leveled and laid off in lands about 15 

yards wide by running lateral ditches that far apart, lat- 
erals made by throwing a furrow each way and running a 

wedge-shaped opener through them. 
Main ditch mowed and dirt pushed out with scraper, laterals 

made with lister, and manure dams put in. 
Furrows plowed 60 feet apart and furrows cleaned and dams 

made at same time with dammer. 
Laterals made 6 or 7 inches deep with 16-inch lister, and 

dams made with dammer. 
Land leveled, and laterals made by throwing a furrow each 

way and running a crowder through the ditch. 



Name and address. 



F. L. Benepe, Bozeman. 
P. Bergland, Manhattan. 
J. A. Lovely, Livingrston, 

G. M. Fuller, Bozeman. 

H. Monforten, Bozeman. 
E. C. Kinney, Bozeman. 

William Frank, Belgrade. 

J. E. Kanouse, Townsend. 

\ 

John Holliday, Livingston. 
W. H. Sales, Salesville. 
W. R. Bell, Central Park. 
P. Kircher, Clyde Park. 



CHECKS nor LATERAIiS. 

Reference has been made to dams of earth made by a dammer. 
These are confined principally to the grain farms. The most common 
kind of check for both grain and hay lands is a base of half -rotted 
straw or coarse stable manure covered over with a thin layer of earth. 
The manure is distributed in small heaps along the lateral, the space 
between the heaps varying from 30 to 80 feet, according to the grade. 
Before irrigation begins it is arranged so as to form a more compact 
check, and thin coverings of soil are usually placed over the upstream 
slopes. During the process of irrigating these checks are thrown out 
on the edge of the bank, leaving the channel free for the passage of 
water as far as the next check below. 

In regions like the Yellowstone Valley, where alfalfa is the princi- 
pal crop, some form of canvas dam is generally used. Some prefer to 
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use manure for the checks in the snialler laterals and canvas dams for 
the larger laterals. 

In still other districts of the State wooden or steel portable checks 
are used for the small ditches in the grain fields and canvas dams for 
the supply ditches. 

AK raBIGATION STBEAM. 

It is the prevalent opinion among Montana irrigators that one 
experienced man will handle 100 miner's inches in irrigating grain 
and a considerably larger stream in irrigating clover, alfalfa, or native 
meadow land. This head of water, if applied on 6| acres, would cover 
it to a depth of 9 inches in twenty-four hours; or, it would cover 2.75 
acres to the same depth in ten hours. It is only in rare cases that 
irrigators remain in the field at night. The stream is controlled by 
day, but before quitting time in the evening it is turned on some 
meadow or hay field to run without attention until morning. The 
results of such practice are to be seen in a low duty of water, dimin- 
ished yields, and in time the water logging of soil and the creation of 
marshes. As land increases in value and as irrigation methods im- 
prove, the enormous waste of water caused by permitting an irrigation 
stream to flow over a field for twelve hours without guidance will be 
stopped. The division of the present large farms into smaller hold- 
ings and the production of a larger variety of crops will tend to intro- 
duce important changes in the use of water. 

COST OF APPLYING WATER. 

The cost of applying water depends on a number of conditions. In 
the short season of Montana some grain crops are irrigated only once. 
Other crops, such as alfalfa, clover, and native hay, may be irrigated 
three and four times. The size of the stream used also makes a differ- 
ence in the cost, since the acreage watered in a day is usually in direct 
ratio to the head used. In addition there are to be found all kinds of 
surfaces. Some have been well prepared, and little diflSculty is expe- 
rienced in spreading water evenly. Others are uneven and poorly 
graded, with faulty supply ditches. 

At the same time some idea of what it costs each season to irrigate 
a crop is highly desirable, not only for the western farmer, but espe- 
cially for those who intend to take up farms in irrigated portions of 
the West. As far as Montana is concerned, it was thought that the 
most reliable information on this subject might be obtained from the 
irrigators themselves. Inquiries were addressed to a few of the most 
prominent of each community, and it was hoped their replies would 
apply in a general way to the entire community. The figures given 
in the following statement represent the average of 67 replies received 
from irrigators in different parts of the State. 
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Oost of applying tuater. 

Irrigation head used by one irrigator miner's inches. . 163 

Number of acres irrigated by one man in one day acres. . 5 

Cost of one irrigation per acre. . $0. 44 

Cost of season's irrigation do $1. 07 

An idea of the methods employed may perhaps best be conveyed by 
a brief description of the irrigation of two staple crops in different 
parts of the State, viz, a grain crop grown in the Gallatin Valley and 
an alfalfa crop grown in the Yellowstone Valley. 

IBBIGATING BABLET IN GALLATIN VALLEY. 

The land for a crop of barley in the Gallatin Valley is usually 
plowed in the fall just after harvest ai^d is permitted to lie without 
further cultivation until the following spring. About the first of May 
the surface is usually dry and it can then be leveled, harrowed, and 
seeded. In that section the average rainfall for the two months of 
April and May is nearly 4.5 inches, enough for the needs of the plant 
until it is 5 to 7 inches above the ground. The barley crop reaches 
this stage the latter part of June and is then ready for the first irriga- 
tion. Assuming that the head ditch Is already constructed and 
properly cleaned out, the first thing to be done is to mark out the 
laterals and furrow them out with a ditch plow. The marking out is 
aften omitted, but when done the grade allowed in fields that have 
been carefully leveled is about 0.5 inch to the rod or, when a 100-foot 
chain is used, 0.2 foot to 100 feet. The laterals are spaced 60 to 80 feet 
apart, although the narrower space is to be preferred. Each one con- 
nects with the head ditch and is terminated about 50 feet from the 
lower border of the field. A dammer drawn by one horse follows the 
ditch plow and forms the earth checks, which are spaced about 60 feet 
apart. Canvas dam» provide the most convenient check for the head 
ditch. By their use a stream of 75 to 125 miner's inches is divided 
between two neighboring laterals and the small areas lying between 
the supply ditch and the first checks are irrigated. The checks of 
earth are then broken with a long-handled shovel and the water flows 
in each lateral until it encounters the next check, where it is held until 
the next space is irrigated. In this way each of the strips lying 
immediately below each lateral is watered. A thorough irrigation 
consists in saturating the soil to a depth of 1 foot. In some seasons 
one irrigation will suflEice. In dry years two waterings usually pro- 
duce the largest yields. Sometimes the second irrigation is light, 
only part of the full supply required to saturate the soil being used. 
A volume of water equal to a depth of 6 inches spread evenly over the 
surface is usually sufficient, when there is no waste, for one thorough 
irrigation. When the land is uneven or not properly leveled or when 
it is broken up by ravines, there is usually considerable waste and it 
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may require 9 to 12 inches in depth over the surface for one irrigation. 
Seldom more than half the quantity of water is used for a second irri- 
gation. In the Gallatin Valley the first irrigation should be applied 
early in order to have the soil ready for the second application before 
the heads become too large and heavy. A heavy irrigation applied 
three weeks before the grain is cut may prove more injurious than 
beneficial, as the weak stems in the soft soil are not capable of sup- 
porting the heads in an upright position. Several days after the last 
irrigation the laterals are filled in and leveled in order not to obstruct 
the reaper. This may be done by the use of a small walking plow and 
two furrows or b}^ means of a special implement containing two disks, 
which throw the earth to the center and fill the ditch. 

Cost of irrigating a 40'acre barley field. 

Leveling, ditching, and checking, at 75 cents per acre $30. 00 

Value of water used, at |1 per acre 40. 00 

Applying sufficient water to maturfe crops, at 85 cents 34. 00 

Leveling laterals, at 7 cents per acre , 2. 80 

Total 106.80 

• Gross returns from barley, 58 bushels, at 50 cents 1, 160. 00 

Net returns 1,063.20 

IBBIGATING ALFALFA IN YELLOWSTONE VALLEY. 

Alfalfa being a perennial plant, the annual cost of plowing, culti- 
vating, and seeding is saved. There is, however, more urgent need 
for thorough preparation at the time the crop is put in, since an 
uneven surface or badly located ditches may materially diminish the 
yields of every crop for a long period of years. The loss, from any 
one of these causes, of 100 pounds of alfalfa to the acre at each of three 
cuttings would amount to $9 per acre in twelve years, but such causes 
frequently reduce the yield to the extent of half a ton per acre, when 
the loss in the time named would amount to $108 per acre or about 
double the present value of alfalfa land. 

In preparing a field for alfalfa it is better to plow it in the fall. It 
is then evenly graded and cultivated in the following spring as early 
as the ground is sufficiently dry to work and the seed drilled in to a 
depth of about 3 inches. The quantity of seed sown in the Yellow- 
stone Valley averages about 22 pounds per acre. Many prefer to 
plow the laterals before seeding and to run the seeder as close as pos- 
sible to the edge of the ditch. This prevents, for a time at least, the 
growth of alfalfa in the ditches. 

Young plants are tender at first and require moist soil for a seed 
bed until the roots strike into subsoil that is continually moist. They 
are also liable to be choked by weeds. This can best be prevented by 
running a mower over the field with the knife set high. By this 
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process the, weeds are cut and make mulch, which prevents the soil 
from baking. The tops of the spindling alfalfa stems are likewise cut, 
which causes it to stool out and thicken. 

In alfalfa fields the laterals should be located with an engineer's level 
or by some good substitute. The grade may vary from 0.2 to 0.3 foot 
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F[a. 5.— AlfallH field, showing Locatioa ot lalerals. 

per 100 feet, and the laterals may be spaced 75 to 125 feet apart. 
For a permanent crop of this character it also pays to construct 
wooden checks and division boxes in the supply ditches. When it is 
found necessary to divide an irrigation stream into two or three smaller 
heads a division box is convenient. The cost of a box of this kind is 
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often refunded the first season in the lessening of the labor bill. By 
the use of a box of this kind a stream may be divided into three parts, 
in proportions to suit the convenience of the user, or it may be diverted 
from one course or lateral into another running in a different direction. 
• Old alfalfa fields in Yellowstone County are irrigated one to four 
times during the period of growth. Three crops are obtained from 
the same field in one season, and as a rule each crop is irrigated. One 
man handles 80 to 125 miner's inches. The laterals are somewhat 
larger than those found in grain fields and the water is checked by 
canvas dams. Occasionally one sees a farmer who uses manure for 
checks, but the large majority use canvas. Water is distributed as in 
grain fields (fig. 5). The proper time for each irrigation and the 
proper amount of water to apply are questions that have not been 
definitely settled. Too little water diminishes the yield and too much 
injures the soil by bringing up the alkali. Between these two exti-emes 
there is usually some middle course which will produce the best results. 
For the past three years the average amount of water used by the 
farmers under the Big ditch, in Yellowstone County, has been 41 
inches in depth over an area aggregating 18,000 acres. This includes 
all losses of all kinds, but making a liberal allowance for waste there 
would remain about 30 inches, or 10 inches in depth for each of three 
irrigations.^ As to the proper time to irrigate, the first application 
should be made before the crop begins to suffer. It is too late when 
the plants show the effect of drought. As regards the proper time to 
irrigate the second crop opinions differ, but it is a common practice in 
Utah to irrigate just after taking off the first crop. The majority 
claim that on the large farms of the Yellowstone Valley it is not prac- 
ticable to remove a crop in the forenoon and spread water over the 
surface the same da3\ These contend that so much time elapses 
between the cutting of the alfalfa and the irrigation of the stubble 
that the latter is badly injured and takes a long time to recover after 
being watered. Those who hold this view prefer to apply the water 
before the alfalfa crop is cut, allowing sufficient time for the drying 
out of the soil before cutting. 

Coxt of irrigating a 40'acre alfalfa field. 

Interest on cost of preparing land, at 50 cents per acre ..: $20 

Repairing and cleaning out laterals, at 25 cents per acre 10 

Cost of water used, at $1.50 per acre 60 

Cost of irrigating three times, at $1.25 per acre 50 

Total 140 

Gross receipts from three cuttings, 6 tons at $5 per ton 1 , 200 

Gross receipts, less cost of irrigation, on 40 acres 1, 060 
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DUTY OF WATER IN MONTANA. 

Montana is a large State, but the bulk of its agricultural products 
will always be raised on comparatively small areas, because of the 
limited water suppl3^ This being true, the duty that can be secured 
for its water supply will measure to a large degree the future possi- 
bilities in agriculture. For this reason the study of the dut}^ of water 
and the conditions which influence it assume great importance. 

If it is desired to reclaim an arid tract of land the engineer must 
decide not only upon the total quantity required for the season but 
also the maximum amount to be delivered at any one time. Having 
decided as to the largest volume of water required for any given 
period, he designs the canal structures accordingly. If this estimate 
is too large, a part of the money of the investor will serve no useful 
purpose. On the other hand, if the estimate is too small, the enter- 
prise will be a partial failure, for there will not be sufficient water to 
irrigate allxthe land. Similarly, when water is to be stored to irrigate 
land, the capacity of the storage reservoir and the cost of the structure 
are both dependent to a large extent on the service which the stored 
water will perform when applied to the soil. There is the same 
necessity for accurate information on this point when a pumping 
plant is to be installed. Otherwise money will be wasted in the purchase 
of a plant of too large capacity or else the plant first installed will be 
too small to raise the requisite amount of water and will have to be 
replaced by one of greater capacity. 

Thus it is evident that from an engineering standpoint a knowledge 
of the amount of water required for land of a known character and 
for particular crops is necessary. Such knowledge is all the more 
important when one considers that about 80 per cent of the irrigable 
lands of Montana is yet to be reclaimed. Judging from the progress 
made during the past fifteen years, the extent of land reclaimed in the 
next fifteen years by private enterprise will amount to 1,750,000 acres. 
If this area is increased by a third of a million acres of Government 
land, which it is presumed will be reclaimed by the Federal Govern- 
ment under the operation of the irrigation act passed June 17, 1902, 
it will increase the amount to over 2,000,000 acres. There is perhaps 
no question of more vital importance to the future of Montana than 
a knowledge of the right amount of water to apply, not only to the 
land which may be irrigated in the next fifteen yesLrs, but to all the 
irrigable lands. 

When one considers the broader features of this subject, whioh per- 
tain to the equitable allotment and distribution of water, its impor- 
tance is much increased. The basis of all equitable allotments must 
rest on the amount of water required to properly irrigate land. This 
question thus becomes one of the main factors in the determination of 
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rights'to the use of water. Even after rights have been established, 
the proper duty of. water is still the cause of much dispute between 
those who regulate, control, and administer the public waters of a 
stream and the farmers who use the water. 

SOME CONDITIONS WHICH AFFECT THE DUTY OF WATER. 

The ordinary irrigation channel receives much more water from the 
stream than it delivers to the irrigated fields. Porous soil and a high 
summer temperature cause losses in conveyance in the main canals, 
seldom less than 10 per cent and rising occasionally to over 50 percent 
of the total volume diverted. The flow, after it is turned out of the 
main canal into laterals, is subjected to a still further reduction in vol- 
ume from the same causes, so that in stating the quantity of water 
used on a tract of land it is important to locate definitely the place of 
measurement. When the irrigation stream is measured as it crosses 
the highest boundary of a field there is pi^actically no loss in convey- 
ance. When, however, the water is measured at the point of diver- 
sion from the natural channel, all losses due to seepage, evaporation, 
and leakage are included, and this shows a much larger quantitj^ used. 

Rainfall, midsummer temperatures, and the length of the irrigation 
period all modify the quantity of water required. In Montana all 
three conditions are favorable from the standpoint of the economical 
use of the water supply. The average annual precipitation over the 
cultivated portions of the State is over 14 inches, and a large part of 
this occurs in April, May, and June, when farmers need moisture most 
to start their crops. In the Gallatin Valley in particular the rainfall 
during these three spring months is fully equal to one irrigation, and 
forms about 30 per cent of the average amount of water received by 
fields under careful irrigation. The evaporation is likewise low during 
the tim€ when water is applied. The average weekly evaporation 
from a water surface at Bozeman, Mont., for the past four years has 
been 0.94 inch for the months of May, June, July, and August — much 
less than it is in the more southerly and warmer portions of the arid 
region. For the satne reason the period during which water can be 
used is comparatively short. In some parts of the State irrigation 
water is applied in April and May, but, taken as a whole, the ordinary 
crops receive the greater part of the season's supply from May 15 to 
August 15. The average length of the irrigation period in Montana 
does not exceed one hundred days. 

Water can seldom be economically used on a one-crop farm. This is 
particularly true of the cereals. If one's holding is all planted to 
wheat, for example, a large flow may be required for a short period, 
but when the needs of this one crop are supplied the owner may have 
no further use, for the irrigation stream. In growing alfalfa, or any 
other leguminous crop, under irrigation it is possible to get a higher 
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duty out of the water supply, for the reason that two or three crops 
may be grown on the same field in one season. A farmer who is 
entitled to the continuous use of 1 cubic foot per second for 80 acres 
may thus be able to supply water to three crops of alfalfa at the same 
cost as to one crop of wheat. In doing this he may use more than 
three times the amount of water, but, assuming that he pays season 
rates, the cost would not differ. 

It is onl}^, however, on the diversified farm that a continuous stream 
can be utilized to the fullest extent. When a dozen different crops 
are grown on an SO-acre farm the proper time to irrigate is seldom the 
same for any two, and so it is possible to keep a small stream flowing 
continuouslv on first one and then another of the subdivisions. 

On account of the large size of the average farm and the plentiful 
supply of water, the necessity for time rotation in the delivery of 
water has not been keenly felt in Montana up to the present. It is 
only when a scarcity exists that neighbors arrange to use in turn the 
supply which belongs to, say, three proprietors. In this way each of 
three farms can. secure an effective irrigation head for one out of 
every three days. As water becomes scarce and of higher value and 
as the farms become reduced in size this method of delivering water 
will gradually become more common. 

The subsoils of western lands when first brought under irrigation 
contain little moisture. The most striking characteristics of these 
formations are their great depths and the close similarity which exists 
between the surface and subsurface layers. Apart from their darker 
color, due to decayed vegetable matter, there is little to distinguish 
top soils from bottom soils, and the roots of plants extend to great 
depth through the latter. On account of these prevailing physical 
features a large part of the water which is applied for the first few 
seasons is absorbed. Cases are common in which new land has absorbed 
in one season a quantity of water which would have covered the surface 
to a depth of 6 feet. To claim that this large volume correctly repre- 
sents the duty for such land is a misrepresentation, because the open 
space in the subsoil is gradually filled with water and the ground- water 
level in time rises nearer the surface. It is a fact, however, that new 
land requires much more water per acre than old cultivated fields, and 
crops are likely to suffer if it is not supplied. 

Other conditions being similar, less water wilt be used on a farm 
which has a good system of ditches and laterals and a well-cultivated 
even surface. The beginner is not always posted as to the best way 
to lay out and build farm ditches, and he may not possess sufficient 
means to properly prepare his fields for irrigation. These defects 
invariably prove quite costly in the end, when measured in waste of 
water and small yields. In an arid country thorough cultivation serves 
a double purpose in that it increases the yield and prevents the escape 
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of water into the atmosphere. Grading or leveling the surface is even 
more important, since it is diflScult to apply water to an uneven sur- 
face, the growth of the crop is not uniform, and the soil in the low 
places is likely to be damaged by an excess of water. 

The time necessary to mature plants differs. Under favorable con- 
ditions a crop of alfalfa can be grown in less than fifty days, a crop 
of barley in something over one hundred days, while it may require 
one hundred and fifty days to ripen certain varieties of fruit. There 
is not only a difference in the period of growth, but also in the number 
of crops grown in one season. 

The way in which water is applied is perhaps as important as tlie 
quantity used. Some soils bake after being flooded and furrow irri- 
gation must be used for all crops. Other soils are so porous that 
furrow irrigation is not practicable. In irrigation by flooding, as 
generally practiced in Montana, care is usually taken to distribute the 
water during the day, but it is left unattended during the night. 
Fully 20 per cent of the available supply may be wasted while the 
irrigator sleeps or is off duty. 

A part of the Gallatin Valley is underlaid by coarse gravel and cob- 
bles and a large percentage of the water applied* to the surface sinks 
into these porous materials and drains down the valley. Other por- 
tions are undulating, which renders the application of water somewhat 
difficult. 

In the Bitter Boot Valley much of the fruit soil is light and porous, 
and is located for the most part on steep slopes. For these reasons 
the amount of water used is considerably above the average. Along 
the Milk River Valley the slope is flat and the soil somewhat heav3\ 
These conditions favor a high duty, and when this part of the State is 
further developed it is expected that a cubic foot per second will be 
sufficient for 100 acres. 

It frequently happens that fields which have received large quanti- 
ties of water produce low yields. This result may be due to one or 
more of a large number of causes. Chief in importance is the proper 
cultivation of the soil. It may be regarded as one of the fundamental 
truths in agriculture that irrigation can not take the place of cultiva- 
tion. The western irrigator has been slow to recognize this fact, and is 
still inclined to depend too much on irrigation and too little on cultiva- 
tion. As a rule, in Montana the largest and most profitable yields are 
obtained from the use of a moderate amount of water. The people of 
Grallatin VaJley, who produce the largest yield of grain in the State, 
use the least amount of water in irrigation. 

Throughout the most productive regions of the State sufficient water 
is diverted to cover the land watered to d-ipths varying from 3 to 5 
feet, but since a large percentage is lost in transit the volume which 
reaches the fields would not cover them to depths greater than 20 to 
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4Q inches in a season. There are other portions where water is so 
cheap and plentiful that the owners are careless in its use. They open 
the head ^tes and permit a large stream to flow for days at a time 
without much, if any, attention. Men who use large quantities of 
water, covering their fields to depths of from 4 to 10 feet every season, 
are usually the most careless in preparing the land or in cultivating 
the surface,, and the result is without exception a small yield. 

That yields do. not depend wholly on the amount of water applied 
is clearly shown by figute 6. This diagram 8*hows the amount of rain- 
fall and irrigatioti water received by eight oat fields, with the corre- 
sponding yields. The lower half of the diagram shows the depth of 
water received and the upper half the yields on corresponding tracts, 
A field which received over 6 feet of water in two irrigations produced 
only 37 bushels per acre, while a field which received in one watering 
less than 7 inches produced 75.5 bushels. The largest yield was 80i 
bushels per acre from a field which received 1.04 feet of irrigation 
water and 0.64 foot of rain water. 

In figure 7 are shown like results on eight fields of barley. There are 
no large amounts of water used, all being less than 30 inches in depth. 
Stillj the largest yield was not obtained from the use of the most 
water, which was 1.98 feet of irrigation water and 0.42 foot of rain, 
or 2.40 in all. A yield of 87.25 bushels was harvested from the field 
which received less than 18 inches in both rain and ditch water. 

The results of six wheat crops shown in figure 8 indicate that the 
amounts of water used ranged from a small to a medium amoun;t and 
that the yields varied to some extent with the water applied. 

Figure 9 shows yields of clover and the quantities of water applied 
to nine clover fields. In this crop the largest yield was from the 
heaviest watering, but, on the other hand, the next largest use of water 
produced a small crop. 

In comparing records of thirty -two irrigated fields, as given in the 
diagrams, the conditions under which the crops were grown should 
be considered. It is important to remember that the crops were 
grown in different seasons, in different parts of the State, and in many 
cases under a wide diversity of soil and climate. In view of this fact, 
the records as given should not be used to base conclusions as to the 
proper amount of water to use in the raising of these staple crops. 
They do show, however, that when other conditions are favorable it is 
possible to obtain a large crop with a small amount of water. 

UNITS OF MEASTJBEKENT. 

In the measurements of duty of water reported in the subsequent 
pages several units are employed to state the quantities of water used. 
The irrigators generally use the term miner's inch, being unfamiliar 
with the term cubic foot per second. As it is impracticable to 
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measure either a large canal or a stream by means of a miner's -inch 
box, all measurements were made in cubic feet per second, according 
to modern methods, and afterwards reduced to miner's inches. 

Prior to 1885 Montana had no legal standard for measuring water 
in motion. In that year the legislature enacted the following some- 
what imperfect description of a measuring box: 

Sec. 1262. The meaearement of water appropriated under this chapter shall be 
conducted in the following manner: A box or flume shall be constructed with a head 
^te placed so as to leave an opening of 6 inches between the bottom of .the box 
or flume and the lower edge of the head gate, with a slide to enter at one side of and 
of sufficient width to close the opening left by the head gate by means of which the 
dimensions of the opening are to be adjusted. The box or flume shall be placed 
level and so arranged that the stream in passing through the aperture is not 
obstructed by back water or an eddy below the gate, but before entering the open- 
ing to be measured the stream shall be brought to an eddy and shall stand 3 inctbes 
on the head gate and above the opening.' The number of square inches contained 
in the opening shall be the measure of inches of water. 

For thirteen years the miner's-inch box just described was the only 
legal means of measuring irrigation water, and all court decrees which 
were rendered from 1885 to the spring of 1898 and which deal with 
specified volumes of water used in irrigation are expressed in Mon- 
tana statutory inches. While a new standard unit has been adopted, 
the old unit can not be said to be wholly abolished. Parties whose 
rights to the use of water were established during this thirteen-year 
period have been granted the privilege of having the quantity of water 
to which each is entitled measured by the miner's-inch box." 

Since 1898 the standard unit in Montana for the measurement of 
water in motion is the cubic foot per second, a cubic foot of water 
moving at the rate of 1 linear foot in one second of time. In adopting 
a new standard the members of the Montana legislature foresaw the 
extended use of the old unit and so defined it in accurate terms. Forty 
miner's inches are the exact equivalent of 1 cubic foot per second and 
the volume of 1 miner's inch is equal to 0.025 cubic foot per second. 

The miner's inch and the cubic foot per second can only be used to 
measure water in motion. Since it is often convenient to describe a 
certain quantity of water in a state of rest, the acre-foot has been 
quite generally adopted for this purpose. It means the amount of 
water that will cover 1 acre to a depth of 1 foot, or 43,560 cubic feet, 
or 325,851 United States gallons. 

HOW MEASX7BEMENTS WEBE MADE. 

In ascertaining the amount of water applied to individual crops it 
was customary to measure the stream at the upper boundary of tho 
field. This was done in most cases by placing a Cipolletti weir of the 

<>See description by author in Montana Sta. Bui. 34, p. 4. 
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proper size in the supply ditch. The canals were measured at rating 
flumes placed near the point of diversion, the velocity being deter- 
mined by a current meter. In the Gallatin Valley the fluctuations in 
the water levels of both the small ditches and the canals were meas- 
ured and recorded by a recording instrument, but in the Bitter Root 
and Yellowstone valleys no instruments were available, and daily obser- 
vations were n^ade of the height of water at the several gauges by the 
ditch riders, who kept the records in a book provided for that purpose. 
In fenced fields the area contained within the fence lines was taken, 
but in smaller fields onl}^ the area cropped, together with the space 
occupied by the head ditches, was included. The area of land under 
most of the canals investigated in the Bitter Root Valley was found 
by actual survey. From 1889 to 1901, inclusive, on account of the 
l^k of funds, no surveys were made of the Yellowstone or Gallatin 
Valley canals. The total area irrigated under each canal was com- 
puted from estimates obtained from the owners by a house-to-house 
canvass. In 1902 careful surveys were made of the irrigated lands 
under each canal, thereby checking the estimates of previous j^ears. 

THE aXJANTITY OF WATER APPLIED TO INDIVIDTJAIi CROPS. 

MEASUREMENTS MADE IN 1899. 

In 1899 an effort to determine the duty bf water in the Gallatin 
Valley was made by the irrigation and drainage investigations of the 
Office of Experiment Stations, United States Department of Agricul- 
ture, in cooperation with the Montana Experiment Station. In 
selecting the fields care was taken to have them represent as nearly as 
possible the average conditions of that vicinity. No attempt was 
ever made to control the amount of water used. The farmer was free 
to use as much water as he deemed necessary. The work for the first 
season consisted in determining the amount of water applied to eight 
fields, and the duty of water under Middle Creek canal. Five of the 
field tests were made on the station farm and the remaining three on 
adjacent farms. Descriptions of these fields were published in a 
former bulletin.* The soil in general consists of a clay loam from 30 
to 70 inches deep, with a porous stratum of gravel wash beneath. No 
water was used on any of the eight fields before June 17, 1899, and on 
that date the irrigation of a field of red clover was begun. It was 
June 23 when the first of the seven grain fields was irrigated, and no 
water was applied on these after July 26. The last watering of the 
clover field took place August 2. In the following table are given 
for each field the number of acres irrigated, the yield per acre, the 
rainfall during the period of growth, and the duty. 

oU. 8. Dept. Agr., Office of Experiment Stations Bui. 86. 
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SSmmary of results of duty of water experiments on field crops in Gallatin County y in 1899. 



Crop. 



Clover 

Peas.. 

Grain. 

Barley 

Oats.. 

Do 

Do 

Do 



Area 
irrigated. 



Acres. 

27.44 

4.23 

11.27 

66.39 

23.41 

7.26 

2.48 

25.09 



Yield per acre. 



3 tons 

31.25 bushels 
57.89 bushels 
73 bushels . . 
51 bushels . . 
72.75 bushels 
72.75 bushels 



Number 


Rainfall 


of irri- 


during 
growth. 


gations. 




Foot. 


2 


0.44 


2 


.41 


2 


.42 


1 


.41 


1 


.38 


2 


.36 


2 


.36 


1 


.44 


/ 





Depth 
appi 



3pth 
)fied. 



Feet. 

1.02 

1.10 

1.98 

.98 



1.53 
1.34 
2.16 
1.28 



MEASUREMENTS MADE IN 1900. 

The measurements made in 1900 to determine the duty of water on 
individual fields were not confined to the Gallatin Valley, but were 
extended to the Bitter Root and Yellowstone valleys." The crops 
tested in the Gallatin Valley were grain and red clover. Water was 
first used efiiJ^® 4 and its use was continued until August 14. The 
clover crops were irrigated from two to four times and the grain crops 
were each irrigated twice. The former received on an average 18 
inches in depth, of which 4 inches was rain; the latter received 26.5 
inches, of which nearly 5 inches was rain. 

The quantity of water applied to three fields belonging to the Bitter 
Root stock farm of Ravalli County was determined. The first of these 
consisted of a 40-acre tract of 6-year-old orchard trees. A light veg- 
etable loam formed the top soil, with a subsoil of gravel and small 
cobbles. Light irrigations were applied in April, June, July, and 
August, but the aggregate of the four with the rainfall was only 18 
inches in depth over the surface. The quantity of water applied in 
two irrigations to a large field of oats on the same stock farm was 17 
inches. 

The third experiment was made on a high gravelly bench traversed 
by numerous ravines, and much of the water used was apparently 
wasted. The yield of oats averaged 34 bushels, and yet the volume 
applied in two irrigations would have covered the tract of 102.2 acres 
to a depth of 6 feet. 

In Yellowstone County the amount of water used on a field of alfalfa 
comprising 53.4 acres was measured. Three crops were grown with 
only one heavy irrigation. The yield per acre for the season was 5.17 
tons, and the depth of water applied was 16 inches. This practice of 
raising so many crops with one application of water is not representa- 
tive of this alfalfa-raising district. Many raise four crops in one sea- 
son, and water the land for each crop. In doing so each irrigation 

«U. S. Dept. Agr., Office of Experiment Stations Bui. 104, pp. 267-292. 
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would be comparatively light, probably not over 9 inches, or 36 inches 
for the season* The results at all these places in 1900 are given 
below. 

Summary ofresuUa of the duty of tuater experiments on field crops made in 1900. 



Crop. 



Clover a . 

Barley o . 

Oatsa 

Wheat a. 
Clover a . 
Oatsa — 

Peas« 

Barley a . 

Oatsa 

Barley a . 
Clover a . 

Do... 
Alfalfa b. 
Orchard c 
Oatso 

Do... 



Area irri- 
gated. 



Acres. 
66.89 
4.14 
25.09 

2.00 

2.00 

1.00 

8.51 

4.52 

7.26 

36.90 

53.41 

40.00 

161.70 

102.20 



Yield per acre. 


Number 
of irriga- 
tions. 


Rainfall. 


1 

• 


2 
2 
2 

1 

2 
2 
2 
4 
3 
1 
4 
2 
2 


Foot. 
0.44 
.28 
.39 

.30 

.39 

.28 
.40 
.42 
.44 
.44 
.45 
.13 
.13 
.13 


48.60 bushels 


f 38.38 bushels 

\3,170 pounds 

j 75.58 bushels 

\1, 330 pounds 

87.29 bushels 

74.67 bushels 

68.58 bushels 

5 tons 


5.17 tons 




33bu8hela 

34 bushels 



Depth 
applied. 



Feet. 
1.98 
1.50 

.84 

.77 

.57 

1.17 
1.27 
1.96 
2.70 
1.78 
1.30 
1.48 
1.28 
6.00 



a Gallatin County. 



b Yellowstone County. 



o Ravalli County. 



MEASUREMENTS MADE IN 1901. 

The investigations of 1901 were a continuation of those conducted 
in former years. * The crops of Gallatin County were six clover fields, 
seven grain fields, and one sugar-beet field. The clover crops were 
irrigated from one to three times and the average quantity of water 
applied during the season was 14.5 inches. To this should be added 
the rainfall, which averaged 7.2 inches, making a total of 21.7 inches. 
The amounts applied to seven grain crops were a trifle less than 12 
inches of irrigation water and nearly 6 inches of rain water, or 18 
inches in all. The sugar beets were irrigated three times and received 
24.6 inches in both irrigation and rain water. 

The same three fields in Kavalli County on which water was meas- 
ured in 1900 were tested in 1901. The 40-acre tract of 6-year-old 
orchard trees was again watered four times and the average depth of 
water used in irrigation was 18.7 inches, while the rainfall was 5.9* 
inches, a total of 24.6 inches. The second field produced 150 tons of 
clover hay with the use of 18 inches of irrigation water and 6 inches 
of rainfall; and the third field, on which so much water had been 
applied the year previous, produced 103 tons of clover hay with the 
use of 5.5 inches of rainfall and 26.5 inches of ditch water. 



oU. S. Dept Agr., Office of Experiment Stations Bui. 119, pp. 225-241. 
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SumrPMry of resuUs of duty of water experiments on ftdd crops made in 1901, 



Crop. 



Clovero 

Do 

Do 

Do 

Wheata 

Do 

Baiieya <. 

Clovera 

Sugar beetsa 

Oatsa 

Clover* 

Barley « 

Peaso 

Oatsa 

Orchard * 

Cloverb 

Do 

Alfalfao 



Area, irri- 
gated. 



1 



Acres. 
20.86 
5.69 
7.18 
6.85 
5.25 

8.00 

1.00 
15.35 
27.84 
12.47 

8.41 

37.30 

40.00 

161. 70 

102.00 

53.41 



Yield per acre. 



%. 36 tons. 



(42. 
[\.t 



43. 20 bushels 

90 bushels 

50 bushels 

59 tuns 

10 tons 

73 bushels . . . 

3 tons 

59 bushels . . . 

37.50 bushels. 



0.90 ton . 
1 ton 



Number 




of irri- 


Rainfall. 


gations. 






Foot. 


f 2 


0.65 


3 


.67 


1 2 


.62 


3 


.62 


2 


.45 


2 


.43 


3 


.59 


2 


.43 




.62 


* 1 


.46 




.77 




.45 




.49 


3 


.49 


4 


.45 




.59 





Depth 
applied. 



Feel. 
0.92 
1.81 
1.24 
1.55 
1.20 

.77 

1.46 
1.68 

.95 
- .85 

.35 
1.27 
1.56 
1.50 
2.22 
1.14 



a Gallatin County. 



& Ravalli County. o Yellowstone County. 

MEASUBEMENTS MADE IN 1902. 



In beginning the field tests in the spring of 1902, advantage was 
taken of the weir box6s already in place, which had been used in pre- 
vious years. On account of the long season, the spring being early 
and a plentiful supply of water in the streams, more water was used. 
In Gallatin County three crops of clover and one crop of alfalfa 
received on an average for all four crops 20.8 inches of ditch water 
and 9.4 inches of rain water, while five grain crops received 18 inches 
from irrigation and 7.4 inches from rainfall. 

In Ravalli County a record was kept of the amount of water applied 
to each of the fields previously described, and the average is consider- 
ably higher, being for the three fields 28.1 inches of irrigation water 
and 7.9 inches of rain water. 



Sammary of results of <hUy of water experiments on field crops made in 1902, o. 



Barley ft ^ 

Rotation plat« b 1 

Wheat h 

Oatsb 

Clover b. 

Oats 6 

Alfalfa ft ..: 

Clover h\ 

Dot 

Orchard « 

Clover o i 

Boc 



Area irri- 
gated. 


Number 
of irriga- 
tions. 


Rainfall. 


Acres. 




Foot 


19.80 


2 


0.64 


6.00 


2 


.64 


5.62 


2 


.72 


3.38 


2 


.54 


9.72 


2 


.78 


8.93 


2 


.54 


4.02 


2 


.78 


27.84 


1 


.78 


81.30 

40.00 

161.00 

102.00 




.78 
.66 
.66 
.66 











Depth 
applied. 



a U. S. Dept. Agr., Office of Experiment Stations Bui. 138, pp. 137-160. 
b Gallatin County. 
o Ravalli County. 



Feet. 
0.97 
1.04 
2.44 
1.28 
1.65 
1.77 
1.00 
1.00 
3.13 
1.77 
1.30 
3.95 
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MEASUREMENTS MADE IN 1903. 

During the season the flow of a large number of canals was meas 
ured for the purpose of ascertaining the duty of water under eacbp 
but few results were obtained from fields. The depth of water applied 
to a clover field in the Gallatin Valley, owned by Mr. J. L. Patterson, 
was 11.2 inches. Another clover field in the same valley, owned by 
Mr. John M. Robinson, received a depth of 20.2 inches. A third 
field of timothy and clover, owned by State Senator C. W. Hoffman, 
received in one irrigation a depth of 7.9 inches. 

In the Bitter Root Valley a clover field received a depth of 16.4 
inches. The yield was 1.94 tons per acre. A second clover field 
located on' the Bitter Root stock farm received 94.1 inches, yet the 
yield was only 2.04 tons per acre, or a trifle more than that of the 
field where only about one-sixth the amount of water had been used. 

'Summary of results of duty of water experiments on field crops made in 190S, 



Crop. 



Clover.... 

Do 

Timothy and clover 
Clover 

Do 



Area irri- 
gated. 


Yield per 
acre. 


Number 
of irriga- 
tions. 


Rainfall. 


Acrei. 

27.84 

81.30 

37.33 

161. 70 

102.00 


Tom. 


1 
1 

1 
2 
4 


Feet. 

1.03 

1.03 

1.03 

.40 

.40 






1.94 
2.04 



Depth 
applied. 



Feet. 
0.94 
1.69 
.66 
1.37 
7.84 



aXJANTITY OF WATER APPLIED TO LAND T7NDEB TYPICAI^ 

CANALS. 

The quantity of water diverted by canals is in all but the most 
exceptional cases much larger than that delivered by it to fields. This 
difference is due to losses by percolation and evaporation. In addition 
to the losses water is frequently allowed to flow from the canals over 
waste ways. This water may return to the natural channel of the 
stream, or it may be wasted. In the spring of the year when water 
is plentiful many Montana canals carry an excess which is permitted 
to flow through waste gates unutilized. The same is true of the period 
near the close of the irrigation season or during a rainy spell. At 
such times more water is turned in at the head than the farmers care 
to use. In determining the duty of water under a canal it is custo- 
mary to measure the flow daily at some suitable place near the head 
gate and to consider the volume which passes this point in tfee season 
in determining the duty of water for that particular canal. Losses 
due to the causes just named may be determined and an allowance 
made for them; but these will be considered under the term ''seep- 
age " in another part of this report. In the statement of duty of water 
under canals contained herein no deduction has been made for any of 
the losses just named. 
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THE BIG DITCH OF YELLOWSTONE COUNTY. 

Yellowstone County, lying between the Musselshell River on the 
north and the Yellowstone River on the south, contains about 2,370,000 
acres, a large part of which is arable. The Yellowstone River is the 
chief source of water, but owing to the diflference in elevation between 
the large part of the arable land and the stream, which has a somewhat 
low grade for at least 100 miles above, only a portion of the arable 
land can be reached. At the present time the reclaimed land is found 
in the valleys bordering the river and separated from the higher bench 
lands by high walls of stratified sand rock. 

The Big ditch is the largest one in the county and one of the largest 
in the State. Its capacity in 1903, as compared with the principal 
canals in this county, may be seen from the results of discharge 
measurements made in 1903, and given below: 

Discharge of Yellowstone County ditches. 

Cubic feet 
per second. 

Big ditch 383 

Canyon Creek ditch 60 

Italian ditch 56 

Yellowstone ditch 36 

Merril ditch 31 

Mill ditch 29 

Flaherty Flat ditch 22 

It was completed over twenty years ago at a cost of $110,000, but 
the area irrigated was quite small for the first few years. It was 
maintained and operated by an investment company until May, 1900, 
when it was purchased by the farmers who owned land under it, and 
became a cooperative canal, it is managed by a board of trustees 
annually elected by the stockholders from among their number. The 
price paid was $64,000, which was divided into shares of the par value 
of $10 each. In 1902 there were 132 stockholders whose shares varied 
in number from 1 to 385 and averaged 47 shares each. In July, 1904, 
the number of stockholders had increased to 158, and the maximum 
number of shares held by one man decreased to 377. 

Prior to 1900 little was known of the capacities of any of the Yel- 
lowstone County ditches, or of the duty of water under them. The 
flow was supposed to be divided among the water-right owners in 
miner's inches, but the prevalent idea regarding a miner's inch was 
one of about double the discharge of the statutory inch. In the spring 
of that year three measuring stations were established on the Big ditch 
and a daily record kept of the flow at each from May 25 to September 
27. The first of these stations was at Tilden's ranch, about 5 miles 
below the head gates on Yellowstone River, the second at Park City, 
and the third at the Hesper farm, located 11 and 27 miles, respectively, 

11398— No. 172—06 5 
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below the head gates. There were no diversions above Tilden's ranch. 
The canal terminated on the bench above the town of Billings, the 
total length being 39 miles. 

The extent of land irrigated under the Big ditch was ascertained in 
1901 and 1902 by a house-to-house canvass, but during the summer of 
1903 a survey was made of each farm irrigated from the canal. Inas- 
much as the irrigated area, as determined by the survey in 1903, was 
somewhat less than that of previous years, the latter may have been 
overestimated. On the other hand, there is a possibility that less land 
was irrigated in 1903. As will be seen from the following table, 
alfalfa is the prevailing crop, and meadow land, which comprises 
timothy and blue joint, as well as irrigated pasture, ranks second. 

Acreage of crops irrigaied under Big ditch for the years named. 



Alfalfa.. 
Meadow 

Oate 

Wheat.. 



1901. 


1902. 


X903. 


Acres. 


Acres. 


Acres. 


8,270 


8,894 


8,383 


6,309 


6,243 


3,664 


1,885 


3,117 


3,401 


778 


816 


913 





1901. 


1902. 


Garden 


Acres. 
550 
352 


Acres. 
610 
358 


Corn 




Total 


18,144 


20,038 



1903. 



Acres. 
615 
169 

17, 145 



The daily measurements of discharge begun in 1900 have been con- 
tinued for four years, and the results of measurements made at Tilden's 
ranch are summarized in the following table, together with the depths 
to which this would cover the land irrigated: 

Discharge of Big ditch at Tilden^s ranch for 1900 to 1903^ inclusive. 



Month. 


1900, dis- 
charge. 


1901. 


1902. 


1903. 


Discharge. 


Depth. 


Discharge. 

Acre-feet. 
10, 198 

^ 15,580 
19,135 
17,469 
11,443 


Depth. 


Discharge. 


Depth. 


May 


Acre-feet. 

2,193 

14,643 

13,317 

9,991 

6,852 


Acre-feet. 

6,212 

9,980 

16,243 

14,070 


Feet. 

0.34 

.56 

.90 

.78 


Feet. 
0.51 
.78 
.95 
.87 
.57 


Acre-feet. 
682 
10,647 
21,475 
9,577 
16,454 
11,772 


Feet. 
0. 04 


, ••' 

June 


.62 


July 


1.26 


Auflfust 


.66 


Seotember 


.96 


October 






.69 
















Total 


46,996 


46,505 


2.56 


73,825 


8.68 


70,607 


4.12 







It will be seen from the foregoing statement that the volumes used 
in 1900 and 1901 are about equal, but that a large increase occurred in 
1902 and 1903. This is due to improvements and enlargements. In 
order to expedite this work no water was run in the canal during the 
month of September, 1901. There is an apparent decrease in the vol- 
ume carried in 1903 over that of the preceding year, but this is due to 
two shut downs, the first of which lasted from May 14 to May 31, and 
the second from July 27 to August 17. As a matter of fact, the maxi- 
mum volume carried in 1903 exceeded that of 1902 by nearly 25 per 
cent. 
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The diagram {fig. 10) illustrates the daily flaw of the Big ditch in 
1!KI3, and the averse quantity of water which was applied to the land 
each month of the irrigating season. The ditch was closed for repairs 
from June 14 to July 1 and from July 26 to August 17, which greatly 
reduced the amounts of water applied to land in June and August, 

Considering that alfalfa and meadow lands, both of which require 
large amounts of water, were the principal crops, and that a large per- 
centage of the water taken from the river was either lost in transit or 
permitted to flow through waste ways unutilized, the conclusion is 



Fig. 10.— Dally Otschurge ol Big ditch, bdi] depths of wutei leceiveO by lands thereuTider, 1903. 

justified that one-half of a miner's inch per acre is a fair average lor 
the duty of water in Yellowstone County. Yellowstone County in 
climat«, products, and physical characteristics is similar to much of 
I the land bordering on the Yellowstone River. One may, therefore, 
i go fuTther and state that as an average one-half a miner's inch of water 
! per acre will suffice for the counties of Park, Yellowstone, Sweet Grass, 
■ Carbon, Rosebud, Custer, Dawson, and the Grow Reservation, or a 
' total of 2,925,000. 
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CANALS OF GALLATIN CXJUNTT. 
MIDDLE CREEK CANAL. 



Middle Creek canal is the largest of some thirteen ditches which 
divert water from Middle Creek, a tributary of the Gallatin River. 
The summer flow of this creek (see p. 20) is wholly diverted and 
utilized to irrigate farms located in the upper or southeastern part of 
Gkkllatin Valley. The top layer of soil in this section consists of rich 
vegetable loam. In the most fertile portions this vegetable loam 
gradually changes into clay loam and clay marl but in other portions 
the coarse gravel and cobbles which underlie all are found within a 
foot of the surface. Considerable rain and soft snow fall in April, 
May, and June of each year, and in moderately wet springs this is 
sufficient for the needs of the crops until about July 1. In other years, 
when the spring crops are seeded early, or when the weather is warm 
and dry, water is applied in June and occasionally in May to meadows. 

The grade of Middle Creek, particularly at the upper end, is excess- 
ive. In a total length of 18,000 feet the fall is 170 feet, or on an 
average of nearly 50 feet per mile. Owing to the high velocity, the 
channel is washed clean of all earth and fine sand, and only coarse 
gravel and cobbles remain. The loss by seepage is thus largij in pro- 
portion to the volume carried (see p. 90). Notwithstanding this heavy 
loss, the duty of water as measured during the past five years has been 
reasonably high. The rating flume at which water measurements 
have been made is located about 200 feet below the intake, so that all 
losses in transmission are included. This record is valuable in that 
it extended through a period of five consecutive years, which included 
seasqns of scanty as well as seasons of abundant rainfall. Compared 
with average amounts used in other parts of Gallatin Valley and other 
parts of the State, this duty is high, being at the rate of 1 miner's inch 
for nearly 3 acres of land. At the same time the yield and value of 
the crops under Middle Creek canal have not appeared to suffer in the 
least on ac^count of the small quantity of water used, since for the 
period under consideration they have been fully equal to those of 
other sections of Gallatin Valley and superior to those of many other 
parts of the State. 

Barley and hay are the principal crops under this canal. Some ten 
or fifteen years ago little but grain was raised, and in order to increase 
the diminishing yields recourse was had to summer fallowing. A 
field which produced barley, wheat, or oats for one or two years was 
summer fallowed for one season and then replanted to grain. Largelj' 
through the efforts of the Montana Experiment Station this wasteful 
method of irrigated farming was changed to one of scientific rotation. 
It was demonstrated repeatedly that better crops were obtained after 
red clover than after summer fallowing, and in consequence much of 
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the land which remained idle every alternate year is now producing 
red clover or alfalfa. It was likewise shown by the same agency that 
the climate and soil of Gallatin Valley were peculiarly adapted to the 
growth of brewing barley, which accounts for the large acreage in this 
crop. 

Acreage ofirrigcUed crops under Middle Creeb canal for 1899, 

Acres. 

Barley 1,438 

Oats 597 

Wheat 118 

Timothy and clover 1, 406 

Clover and alfaUa 147 

Other crops . .' ' 148 



Total 3,853 

The areas watered were: 1899, 3,853 acres; 1900, 3,863 acres; 1901, 
3,168 acres; 1902, 4,828 acres; 1903, 4,828 acres. 

Dvdy of water under Middle Creek canal for the years 1899 ^ 1900, 1901, 190S, and 190S.^ 





1899. 


1900. 


1901. 


1902. 


1908. 


Month. 


Dfa- 
ehai^e. 


Depth. 


Dis- 
charge. 


Depth. 


Dis- 
charge. 


Depth. 


Dis- 
charge. 


Depth. 


Dis- 
charge. 


Depth. 


May. 


Acre-Jl. 


Feet. 


Acre-Jt. 


Feet. 


Acre-/t. 


Feet. 


Acre-ft. 

263 

3.09i 

1,363 

857 


0.05 
.64 
.28 
.18 


Acre-ft. 


Feet. 


June 


1,689 

4,610 

903 

1.022 


0.40 

1.20 

.23 

.27 


8,917 

1,912 

1,075 

420 


1.01 
.50 
.28 
.11 


2,222 

2,973 

1,541 

718 


0.70 
.93 

.48 
.22 


2,898 
1,615 
1,523 
1,201 


' 0.60 


July 

August 

September 


.31 
.82 
.26 










Total 


8-, 074 


2.10 


7,824 


1.90 


7,454 


2.33 


5,677 


1.15 


7,137 


1.48 







a See diagram, fig. 11. 



OTHER CANAL8 FROM MIDDLE CREEK. 



Besides the Middle Creek canal there are 12 smaller ditches, which 
tap the same source. These 13 ditches divert the entire flow of 
Middle Greek after the spring flood has subsided. The maximum flow 
occurs from March 10 to June 20 of each year. When the highest 
water occurs in the second week of June the daily decrease in the stream 
is so great that all the flow is utilized before July 1, but when it occurs 
as late as the third week in June there may be an excess of water 
which is discharged into the East Gallatin and from thence into the 
Missouri River during the first week in July. As a rule, however, 
there is ho surplus after July 1. 

The following figures on the summer flow of Middle Creek have 
been computed chiefly from measurements made by the United States 
Geological Survey at the mouth of Middle Creek Canyon and about 1 
mile above the highest ditch which diverts water for irrigation. 



rt'feet of Middle Creek for the yeara named. 



Month. 


1S»8. 


im. 


1900. 


l^L 




11 


a. 150 

2; 987 




6 160 




6,7S0 


























62.139 


71,476 


18.820 


33,461 





During the summer of 1902 the acreage of crops irrigated under 
Middle Creek was ascertained by a plane-table survey. For conven- 
ience and to lessen the expense the crops were grouped. Thus all the 
cereals, such as barley, wheat, and oats, were included under the gen- 
eral term of grain crops; alfalfa, clover, timothy, and forage crops 
generally were grouped under hay crops; irrigated pasture lands 



Fig. 11.— Daily dischft^e ai Middle Creek canal, and depth ol 



^B/vi^ar 



formed a third group; vegetables, root crops, and orchards were 
included under garden crops, and all summei-fallowed land was kept 
separate from cropped areas. 

Acreage of crops irrigaled by IS ditches diverting water from Middle Greek in 190f. 



Grain 2,944 

Hay 5,284 

Pasture 678 

Garden 62 

Total 8,986 

Area in summer fallow 1, 366 

Total cultivated area 10,334 
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In computing the duty of water under Middle Creek for the season 
of 1902 the amounts used in July, August, and September were accu- 
rately determined, since the entire flow of the stream was diverted 
during these three months. In June, however, there was a surplus 
which was not measured, and for that month the duty is estimated as 
follows: The total discharge for June was 13,260 acre-feet and for 
July 7,115 acre-feet. As a rule, more water is used oh the Middle 
Creek farms in July than in June, but in arriving at the estimate the 
utilized flow during June was made equal to that during July. The 
duty of water for the season, as expressed in the following table, thus 
becomes 2.33 feet in depth over the surface of 8,968^ acres, which cor- 
responds to the continuous flow of 1 cubic foot per second for 104 
acres, or of 1 miner's inch for 2.1 acres. 

Duty of waier under Middle Greek for the year 190£y June to September^ inclusive. 

Area irrigated acres. . 8, 968 

Water used acre-feet.. 20,862 

Depth fteet.. 2.33 

Acres per cubic foot persecond 104 

Acres per miner's inch 2. 60 

WEST GALLATIN IRRIGATION COMPANY'S CANAL. 

This canal, which is one of the largest in Gallatin County, gets its 
supply from the West Gallatin River. The intake is located at the 
mouth of the canyon, and from this point the canal winds around the 
river bluffs in a northwesterly direction for about 40 miles. The for- 
mation varies from a loose vegetable loam on top to sand, gravel, and 
bowlders beneath, overlying a soft sand rock. The softer portions of 
this sand rock are readily disintegrated b}'^ seepage water from the 
canal, and whenever the top of this stratum coincides with the bottom 
of the excavated canal, it is difficult to prevent water from percolat- 
ing between the subsoil and this rock stratum. These unfavorable 
conditions have caused a number of bad breaks in the upper portion 
of the canal. The losses due to seepage on the main canal, described 
elsewhere (see p. 88), form about one- third of the total volume 
admitted at the intake. Small additional losses occur along the lines 
of the various laterals. Then, too, much of the land under this canal 
is undulating, with steep slopes cut up by ravines, and in attempting 
to spread water over the surface more or less runs off and serves no 
useful purpose. These physical conditions, coupled with a somewhat 
porous soil and crude methods of irrigation, account for the large 
quantity of water which was applied to land under this canal in 1902. 
The area irrigated was 2,343 acres. 
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Duly of water under West Gallatin IrngcUion Company* 8 canal for 190if, 



Month. 



May ^ 

June * 

July : 

August 

Total : 



Discharge. 



Acre-feet 


Feet. 


569 


0.24 


3,613 


1.54 


5,&&5 


2.37 


2.729 


1.17 



12,466 



Depth. 



5.32 



KUGHEN OR CAMERON CANAL. 

This canal is one out of fifty-four which divert water from the West 
Gallatin River. It is owned and controlled by a small community of 
farmers, whose farms are located in the upper portion of the central 
belt of Gallatin Valley. Of the canals which take water from the left 
or west bank of the river it ranks next in capacity to the West Galla- 
tin Irrigation Company's canal. It is nearly 11 miles long, has a bot- 
,tom width of 11 to 12 feet, and a depth of 2 to 3 feet near the head 
and is capable of carrying some 80 cubic feet of water per second. 
The losses due to seepage are small. At the same time, the duty of 
water is low. This is largely due to the fact that this ditch possesses 
one of the oldest rights on the river, and has recently been enlarged 
to carry an abundant supply for the comparatively small area of land 
which it irrigates, much more in fact than the crops require. 

The crops irrigated in 1902 are shown in the following table: 

Acreage of irrigated crops under the Kughen canal for 1902. 
\ Acres. 

Barley 899 

Oats 423 

Flax V 122 

Timothy 80 

Pasture 25 

Wheat 12 

Clover 3 

Total 1,564 

During the same year 1,379 acres, or nearly one-half the total 
cultivated area was summer fallowed. If the excess water which was 
wasted in irrigating 1,564 acres had been applied to the 1,379 acres of 
fallow land, the additional yield in 1902 from the thirteen farms under 
this canal would have, in all probability, had a gross value of $27^000. 



The discharge of the ditch and the depth to which it would cover 
the land are shown in the followinir table; 

Duty of water under the Kughen canal in 190S and 1903. 



Month. 



Discharge. l>tpth. Disohftrge. Depth." 



■re-ftrt. Fiet. Acrtrfeel 
-i,643 l.fl9 1.98 



Septtmher . . 



ToUl 7,S26 I 



Figure 12 ahows the flow of this canal in 1903 and likewise the 
amounts of water applied to the land during each month. . 



Fra, 12.— Dnity diecbai^ of Kughen canal, and depth of water reeelTed by land, IHUS. 
CANALS OP RAVALLI COUNTV. 

The land of Bavalii County, which contains in round numbers 
1,850,000 acres, may be divided into three classes. The western and 
to a considerable extent the southern part of the county is well tim- 
bered and mountainous. Through the central portion flows the Bit- 
ter Koot Kiver, on either side of which are to be found large tracts of 
arable and irrigable land, and in the east the land is undulating and 
hilly and chiefly devoted to grazing. On the west of the Bitter Root 
River, which flows north to meet the Missoula, the dense groves of 
pines, firs, and tamaracks extend from the borders of the valley and 
in many places from the river hank to the summit of the Bitter Root 
Range, from 10 to 15 miles distant. On this steep mountain slope, 
which rises at times 5,000 feet in 5 miles, the green of the pines 
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makes a vivid contrast with the snow-capped peaks of the range, 
which rise to heights of 9,000 to 10,000 feet. At the foot of this for- 
est slope is a typical mountain stream, the water of which, except in 
flood time, is unusually clear. Throughout the long valley diversified 
farming is practiced. All kinds of cereals do well. Red clover and 
timothy seem to be preferred in places to alfalfa. The soil is pecu- 
liarly well adapted to vegetables, and both soil and climate are admi- 
rably suited to fruit^ raising. The apple, plum, cherry, and in fact all 
the hardier varieties of deciduous fruit trees appear to have found in 
the Bitter Root Valley ideal conditions for their growth. Sheltered 
from the west winds by the Bitter Root Mountains and from the east 
winds by the main range of the Rockies, the valley possesses a much 
more moderate climate than many fruit-producing regions which lie 
far to the south of Montana. The altitude is 'low compared with 
much of the irrigated portion of the West, being about 3,200 feet 
above sea level at the lower end and rising to 3,800 feet at the upper 
' end. The granite soil is light and porous, with a large percentage of 
sand and gravel. In the lower valleys the soil is frequently a rich vege- 
table loam, and to the east of the river there are large tracts of heavier 
soils containing more or less clay. The land to the west of the river 
is abundantly supplied with water. Numerous creeks, which are fed 
by the heavy snowfall of the Bitter Root Range and forest reserve, 
are easily diverted by short ditches. As may be expected, the duty 
of water throughout this part of the valley is low. The soil is porous 
and underlaid by a mass of rock debris from the mountains, so that 
any excess of water which may be applied soon returns to the main 
channel of the stream without producing, it is thought, any injurious 
effects upon the soil. 

East of the river conditions are different. The mountains to the 
east being low, the precipitation, particularly in the form of snow, is 
light, and in consequence there are few creeks in this part of the basin. 
Yet on this side the larger tracts of fertile lands are located, and for 
their irrigation water has be^n conveyed from the Bitter Root River 
in canals of considerable size. The most of these canals were begun 
by small communities of farmers in the eighties, and the majority are 
still maintained and operated by the landowners and water users under 
them. Other canals that were begun during the early development 
of this part of the State have passed into the hands of capitalists. 

In 1900 advantage was taken of this large tract of irrigated land and 
its excellent system of irrigation canals to gain more knowledge con- 
cerning the use of water in irrigation and the seepage losses from 
canals. The investigations then begun have continued since, and dur- 
ing the entire period the Office of Experiment Stations and the Mon- 
tana Experiment Station have been greatly assisted by the officers of 
the Bitter Root stock farm. The irrigation system was intended to 
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cover more land than has since been irrigated, and the water supply is 
ample, so that the economical use of water has never been a necessity. 
Another cause for low duty is the large area of new land which has 
been recently brought under irrigation, requiring an additional amount 
of water. And, finally, much of the land is porouij, gravelly soil on 
elevated benches, with more or less ravines and steep slopes. The 
results obtained ynder such conditions should represent the maximum 
use in Montana. 

REPUBLICAN CANAL. 

This canal was begun by farmers m the vicinity of what is now the 
city of Hamilton, the county seat of Ravalli County. In 1889 the 
sto<^kholders changed the point of diversion and the source of supply 
on Skalkaho Creek to the Bitter Root River near the junction of the 
tributary known as Sleeping Child. 

The area of land irrigated was determiti?d by actual survey. The 
areas irrigated were, in 1901, 4,105 acres; in 1902, 4,850 acres; and in 
1903,4,850 acres. The manner in which this area was utilized in 1903 
to raise the standard crops is shown in the following table: 



Acreage ofcntpa irrigated under Republican canal in 190S. « 

Wheat 

Oats ; 

Pasture 

Meadow .-. 

Peas 

Roots and vegetables 

Orchards 



Acres. 

201 

210 

681 

758 

6 

20 

61 



Total 1,937 

In the following table are given the volumes discharged by tHe canal 
in acre-feet for each month of the irrigation season for the years 1901, 
1902, and 1903, with the depths to which this would cover the total 
irrigated area: 

Duty of water under Republican canal for the years 1901 ^ 1902 ,' and 190S. 



April 

May 

June 

July 

August 

leptember . 

Total. 



Month. 



1901. 



Discharge. 



Acre-Jeet. 
1,608 
3,115 
2,116 
3,656 
3,263 



Depth, 



13,758 



Feet: 
0.39 
.76 
.52 
.89 
.79 



1902. 



3.35 



Discharge. 



Acre-feel. 



3,442 
4,372 
3,995 
5,826 
4,251 



21,886 



Depth. 



1903. 



Discharge. 



Feet. , 



0.71 
.90 
.82 

1.20 

.88 



Acre-feet. 



3,043 
3, 852 
2,810 
2,602 
1,940 



4.51 



14,247 



Depth. 



Feet. 



0.63 
.80 
.58 
.54 
.40 



2.95 



« Exclusive of Patterson laterals and outside water users. 



Figure 13 shows the daily flow of the Republican canal in acre-feet 
during the season of 1903, and also the depth of water received by the 
land each month. 



' This canal was built for the purpose of irrigating about 2,000 acres 
of land located above the Ward canal. It is 7 nules long, and over 
one-third of this distance the water is carried in eithet a wooden flume 
or redwood-stave siphon. The siphon is 36 inches in diameter and the 
flume has a sectional area of 12,5 square feet. On a grade of 0.1 foot 
to the hundred feet .the mean velocity is about 5 feet per second, thus 
producing a maximum discharge of over 60 cubic feet per second. 
Sixteen hundred acres were irrigated in 1901, and 1,975 acres in 1903 



I^o. IS,— Dally dlncliarge of Republican canal, 1908, and depth of water received by land. 

and 1903. The monthly discharge and depths to which this would 
cover the land is given below: 

Dab/ ofwaier under Shalkaho canal for 3901, J90S, and 1903. 



Month. . 


1901. 


IMU. 


ISOS. 


Dischaige, 


Depth. 


DiBCharge. 


Depth. 


DtochaiKB. 


Deplh. 




Acre/eft. 

i,tr? 




Aert-fea. 

slase 

3,835 

i:m8 


uoe 


Acre-fal. 
1,M2 


F^. 


































13,437 


«.« 


12,«80 













The waters of Gird Creek, which flow from the mountains on the 
east side of the Bitter Root Valley, are diverted on the lands of the 
Bitter Root storli farm by three canals. One diverts water to the south 
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and'tfae Wftter is mixed with that from the Skalkaho canal; the othe^ 
two carry water to the bench north of Gird Creek, and are known 
respectively as the Old Gird canal north and the New Gird Creek 
canal north. The monthly discharge of the Gird Creek canals is as 
follows: 

Mordhly discharge of Gird Creek canals for 1901 y 1902 ^ and 190S. 



Month. 



April , 

M^y I 

June ■ I 

July ] 

Aufirnst I 

September • 

Total.: 



1901. 


1902. 


1903. 


Acre-fetL 


Acre-feet. 
291 
1,996 
3,653 
2,833 
3,293 
1,492 


Acre-feet. 
240 




2,163 


m .^ ...«••••• 


4,692 




3,756 




3,240 




1,597 






1,759 


13,560 


15,583 



Considering the Gird Creek ditches and the Skalkaho canal together 
gives the following statement of duty for 1903: 

Duty of water under Gird Creek ditches and Skalkaho ditch for 1903, 

Area irrigated acres. . 3, 320 

Water used acre-feet.. 28,218 

Depth over surface feet. . 8. 50 

» 

WARD CANAL. 

The Ward canal diverts water from Skalkaho Creek, a tributary of 
the Bitter Root. It is the third in elevation of the five canals oper- 
ated by the Ravalli Land and Irrigation Company. It is 7 miles long, 
has a capacity of about 70 cubic feet per second, and waters 3,985 acres. 
The areas devoted to the various crops in 1903, so far as could be 
learned, were as follows: 

Acreage of crops imgaied under Ward canal in 1903. 

Acres. 

Meadow 849 

Oats 573.3 

Wheat...... 102 

Roots and >vegetable8 14. 8 

Orchards 33 

Pasture 383.6 



The moDthly discharges and the depths on the land are given in the 
following table: 

Discharge of the Ward canal for 1901, 190t, and 1903. 



Monlh. 


1901. 


1902. 


1903. 


Dlachaifre. 


Depth. 


Dlschftrge. 


Depth, 


Discharge. 


Deptli. 




Arre-leel. 


FeeL 

0.16 

'.\2 


Acre-ftet. 
230 

'1 


Feet. 
.65 


Acre-fat. 


SeeL 




4^424 
21771 






























8.626 


Z.40 


9,«K 


"• 


10,^ 









Figure 14 shows the use of water under the Ward canal in 1903. 



—Daily discharge of Ward canal, 1603, anrt depth of w 



The Hedge canal diverts water from the Bittfer Root Kiver about 
35 miles above the Republican canal. The original ditch of this name 
was built by Mr. Hedge for the purpose of diverting water from 
Skalkaho Creek, but Mr. Daly, after purchasing the rights Of Mr. 
Hedge, extended the canal up the valley by means of flumes to tap the 
Bitter Root. There are about 5 miles of flumes on this canal, and 
two ravines are crossed by means of redwood-stave pipe laid in the 
form of an inverted siphon. This canal is 34 miles long, has a capacity 
of over 200 acre- feet per day, and waters over 5,000 acres. The areas 
irrigated in 1901, 1902, and 1903 were 5,260 acres, 5,420 acres, and 
5,420 acres, respectively. 



The results of surveys made in 1903 to determine the areas under 
this canal which were devoted to particular crops are included in the 
table given below. 

Acreage of cropi rTrigated under Hedge caTial in iSOJ. 



Me&dow 

OatB 

Wheat 

Roots and vegetables . 

Orchards 

Pasture 



Total 2,430.1 

The monthly discharge of the canal and the depths to which it would 
cover the land served are given in the following table: 





Doty of water 


under Hedge canal for 1901, 190^, and 190S. 






Month. 




1901. j 1802. 


390S 






Discharge. 

Atre-feel. 

a; 802 


Depth. 1 Discharge. 


Depth, 


Discharge, j 


Depth. 




.84 f>.m 

.83 6,243 
1.06 ^96a 


F^t 


Acre-feel. 


Feet. 




.00 

:i« 




































20,882 




22,810 1 






1 




■ 



PiQ, IB.— Dally discharge of Hedge nana], 1903, and depth ol water received by land. 

Figure 15 illustrates the use of water under the Hedge canal in 



Until the year 1903 all the experiments on the duty of water in the 
Bitter Root Valley were conducted on the Bitter Root stock farm. This 



80 



tract occupies the middle portion of the valley. In order to obtain a 
fair test for the entire valley three other tracts of land were selected 
in other sections of the valley. 



HARLAN DITCH. 



The Harlan ditch diverts water from the Bitter Root River near the 
Como bridge and carries water to the farm of Mr. W. B. Harlan. 
This farm consists of a gravel and sand wash from acanyon entering 
the valley from the east. The area irrigated was 83 acres. The wktev 
was measured' near the upper end and a small loss was sustained in 
transmission and 25 per cent was wasted at the lower side of the farm. 
The discharges given below are 25 per cent less than those shown by 
the measurements: 

• 

Duty of water under W. B. Harlan* s ditch for the season of 1 90S. 



Month. 



May — 
June . . . 
July.... 
August. 



Total. 



Dischaige. 



Acre-feet. 


Feet. 


170 


2.05 


232 


2.80 


162 


1.95 


92 


1.11 



656 



Depth. 



7.91 



BASS BROTHERS DITCH. 



Bass Brothers' ditch diverts water from a small stream of the same 
name which is a tributary of the Bitter Root River. This ditch irri- 
gates about 400 acres of very fertile land on the west side of the Bitter 
Root River about 5 miles northwest from Stevensville. The soil of 
this' farm is a compound of decomposed granite and vegetation, with 
some sand and gravel. It is about 2 feet deep and slopes quite rapidl3'^ 
toward the middle of the valley. 

On May 26, 1903, a rating flume was placed in the ditch as it enters 
the field. The record of gauge height was kept by an automatic regis- 
ter. There were no seepage losses of noticeable quantity. The 
monthly discharge and the depth of irrigation are given in the follow- 
ing table: 

Duty of water under Bass Brothers* ditch for the season of 1908, 



Month. 



May 

June 

July 

August 

Total 



Discharge. Depth. 



Acre-feet. 

67.76 

254.68 

156.70 

118.61 



Feet. 

0.169 

.636 

.392 

.296 



597.70 



1.490 
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The areft3 in the various crops were as follows: 

Acreatje of crops irrigated wider Bom Brotherg' ditch Jot the teascm of 190S, 

Timothy aad clover 175 

Orchard ; 86 

Wheat 30 

Oata 10 

Peas and garden 10 

Pasture 1 ,, 90 

Total 400 

Figure 16 illustrates the use of water under Bass Brothers' ditch in 
1903. 



FiQ, 16.— Dally discharge of Bass Brothera ditch, 1B03, and depth ol w 



This ditch takes its waters from Lolo Creek near the mouth of the 
Bitter Root Valley, and on the west side of the river. The land cov- 
ered is a delta or wash from the Lolo Canyon, and is composed of a 
gravel and sandy loam underlaid by a deep bed of gravel. This drinks 
up the water rapidly, and the ground is solid and firm in a very short 
time after the irrigation. The climate and soil in this locaHty are par- 
ticularly well adapted to fruit growing, and all the varieties of apples, 
pears, plums, and berries, with some very line peaches, grow well. 
On May 28, 1903, a rating flume with automatic register was placed in 
the ditch at the upper edge of the held and there was no loss by seep- 
age. The area watered was 247.6 acres. 
11398 -No. 172—06 6 



The monthly discbai^ and the depth are given in the following 
table (fig. 17): 

Duty of water under Allen, Hughes, et aL ditch for gfasm of I90S. 



Month. '' 


Dlsoh»rBe, 


Depth. 




613.68 


F^. 








1.S9 










I.B90.82 









Fio. n.~I>ailj dlBcliaiBe ol Alleo, HDghes, et al. ditch, 19Cn, and depth of water received by land. 

The following table shows the acreage of different crops: 

Acreage of crops irrigated under Allen, Hughes, et al. ditch in the season of 190S. 

Orchard 91.6 

Clover 76.5 

Timothy 51 

Oats 20 

Garden 5 

Fotetoee 1.5 

Com 1 

Beets 1 

Total ! 247.6 



83 



All measurements of depth of water to which the water diverted by 
canals would cover the land irrigated by them, disregarding losses in 
transit are brought together in the following table: 

Summary of the duty of water measurements in Montana. 



County. 



Oallatin 
Do.. 
Do.. 
Do.. 
Do.. 



Do 

Do 

Yellowstone . 



Karalli 



Do. 



Do. 
Do. 



Canal. 



West Oallatin high line 
Kughen or Cameron . . . 

do 

Weaver & Stone 

Middle Creek canal 



Middle Creek (all canals) . . 
West Gallatin Irrigation Co 
Big ditch 



Republican. 



Skalkaho. 



Gird Creek and Skalkaho 
Ward 



Do Hedge, 



Do. 
Do. 
Do. 



Harlan 

Bass Brothers 

Allen, Hughes, et al. 



Average 



Year; 



1902 
1902 
1903 
1902 
1899 
1900 
1901 
1902 
1903 
1902 
1902 
1901 
1902 
1903 
1901 
1902 
1903 
1901 
19a:j 
1903 
1903 
1901 
1902 
1903 
1901 
1902 
1903 
1903 
1903 
1903 



Depth. 



Feet. 
5.32 
4.68 
5.78 
5.56 
2.10 
1.90 
2.33 
1.15 



1. 
2. 
5. 
2. 
3. 
4. 
3. 
4. 
2. 
4. 



48 
60 
32 
66 
68 
12 
35 
51 
95 
68 



6.81 
6.34 
8.50 
2.40 
2.49 
2.57 
3.97 
5.77 
4.21 
7.91 
1.49 
6.40 



4.10 



DTJTT OF WATEB IN COURT DECBEES IN MONTANA. 

Since the rights to the use of water can be determined only by the 
courts as the result of litigation, and since water is the chief factor in 
the agricultural development of the State, it may add to the value of 
this report to review some of the decisions of these tribunals in which 
parties have been granted rights to the use of fixed volumes of water 
from the public streams. Only a small percentage of the total num- 
ber of people who use water have had their rights thus defined, but in 
every county where irrigation has been practiced for some time con- 
troversies over water have arisen and the majority of these contro- 
versies have culminated in court decisions which are on file in the 
» recording offices of the respective counties. Some of these decisions 
are so indefinite as to possess little, if any, value in a discussion of this 
character. One party, for example, may be decreed ^ certain number 
of miner's inches of water from a particular stream without reference 
to the extent or location of the land which such water is intended to 
irrigate. To another party may be decreed a certain fraction of all 
the flow of a creek with or without reference to the area which such 
fractional part may irrigate. It is only where a definite number of 
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miner^s inches have been decreed to a stated number of acres that use 
has been made of the decisions in compiling the following tables: 

Duty of water in court decisions in Montana. 



Name of fltream. 



Carbon County: 

Sage Creek 

Cole Creek 

Red Lodge Creek. . 

, Rockv Fork Creek'. 

Blue Water Creek . 



Total 



Ravalli County: 

Eight Mile Creek 

Lo6t Horse Creek 

Bamaby Creek 

'Larry Creek 

Mill Creek 

Fred Burr Creek 

Sleeping Child Creek 



Total 

Gallatin County— East Gallatin River. 

Missoula County: 

Carlton Creek 

Rattlesnake Creek 



Total 



Sweet Grass County: 

Bridger Creek 

Spring Creek 

Big Boulder River. 

Do 

Duck Creek 

Otter Creek 

Duck Creek 



Total 



Dateof decree. 



Jan. 7, 1901 
Mar. 14, 1902 
July 21, 1904 
Aug. 21. 1903 
Feb. 29, 1904 



May 27,1897 
June 14,189^ 
Oct. 17,1898 

do 

Mar. 9, 1903 
Mar. 10,1904 
Mar. 3, 1904 



Apr. 2, 1892 



Feb. 21,1902 
July 9, 1908 



Mar. 18,1898 
Nov. 17,1899 
Feb. 16,1901 
Feb. 19,1901 

do 

June 25, 1903 
do 



Miner's 

inches of 

water. 



565 
720 

6,683 
51.916 

2,466 



Acres of 
land. 



495 
720 

6,683 
51,886 

2,466 



62,^ 



62,250 



930 
39 

302 

257 
2,993 
3,069 

640 



8,230 



1,353 
160 
480 
280 
4, 249 
5,713 
620 



12.855 



2,614 



1,957 
1,803 



3,760 



455 
300 
400 
700 
450 
675 
2,886 



5,366 



2,623 



3.477 
8,869 



7,846 



880 

320 

320 

625 

1,400 

1,440 

6,032 



11,017 



These summaries show that 82,320 miner's inches of water have been 
decreed to irrigate 96,091 acres of land, or at the rate of 1 miner's inch 
to 1.17 acres. In Carbon County during the past three years 62,350 
miner's inches have been granted for the purpose of irrigating 62,250 
acres, or slightly more than 1 miner's inch per acre, or 1 cubic foot 
per second for each 40-acre tract. This would require a continuous 
flow for about eighty-two days to supply a depth of 4.1 feet, the aver- 
age of all the measurements reported in the preceding pages. The 
court decrees, therefore, correspond approximately to general practice. 

SEEPAGE AND RETTJEN WATERS. 

Unfortunately, mOvSt canals lose in transit large quantities of water, 
varying from ID to 60 per cent of the amount diverted. A part of 
these losses frequently returns to the same stream either on the surface 
or through subsurface strata, and is diverted by other canals located 
at lower levels. 

In irrigated valleys the first, second, and third benches, which 
extend upward like terraces from a stream, are usually watered by 
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one or more canals on each bench. In other instances the irrigated 
lands occupy a plane which rises with a uniform grade from the bank 
of the stream. In both cases the canal, which is located next to the 
highest in a series, receives a largo part of the water which percolates 
from the one above it and in turn transfers a part of its flow to the 
next lower. 

The water supply of irrigated districts is still further influenced by 
seepage water from irrigated areas. Only a part of the water which 
is spread over the soil is utilized by the plants. The balance is either 
evaporated from the surface or percolates slowly through the subsoil. 
When porous bench lands are heavily irrigated a portion of what 
sinks beneath the surface returns to the river channels and augments 
to a considerable extent the available flow. 

A knowledge of the quantities of water lost from canals and drain- 
ing from irrigated lands and collected by other canals, or returning to 
the stream to be rediverted, is of great importance to courts in the 
adjudication of rights, and to administrative officials in the distribu- 
tion of water from streams. 

Seepage waters have likewise to be considered in providing for 
drainage. It would be wrong to conclude that the seepage losses from 
canals always return to the channel of the stream or were intercepted 
by other canals. Waste water of this kind quite frequently gravitates 
to the lower levels of an irrigated district and makes unproductive 
marshes and alkali flats of what otherwise might have been fertile 
fields. It is important to determine the extent of this loss in order to 
plan the size, number, and direction of the drains, and to endeavor 
to intercept the waste water before it reaches the lower levels. 

Seepage from earthen canals represents the greatest loss of irriga- 
tion water, and until the amount is approximately ascertained for each 
canal it is not probable that any steps will be taken to lessen this loss. 

LOSSES IN COKVETANCE OF WATEB. 

The principal losses which occur in conveying water from a stream 
or other source of supply to the place of use may be grouped under 
one or the other of three heads. These are leakage, evaporation, 
and percolation. 

LEAKAGE. 

The loss due to leakage is readily traceable to faulty construction 
and can be remedied only b}'^ better structures and the exercise of 
higher skill in the building of canals. The wooden flumes to be found 
on nearly every canal are the chief source of leakage. Some leak so 
badly as to endanger their safety. This can be remedied by using a 
better grade of lumber and building the flumes in such a way as to 
insure water tightness. In many cases the best course to take with 
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an old wooden flume is to subntitute for it something more permanent. 
This has been done by the officers of the Big ditch in Yellowstone 
Count}' . When this canal was first built many wooden flumes were 
used to cross depressions. In time these structures decayed, but 
instead of having them replaced the superintendent built earthen em- 
bankments on each side. These carried water more efficiently and 
were permanent structures, thus lessening the annual cost of mainte- 
nance. 

Leaks are sometimes caused by the shattering of i*ock or other ma- 
terial by blasting during construction, or by failing to provide imper- 
vious ^connections between canal embankments and the original surface. 
Another source of loss is leaky gates. A slight leakage from the 
closed head gate of a farmer's lateral is sl^ trivial matter, but the com- 
bined loss from a score or more of badly fitting gates may amount to 
a considerable volume of water. 

liOSS OF WATER BY BVAFOBATION. 

The principal loss of water by evaporation occurs after the water is 
spread over a field and not while it is being conducted in canals. Dur- 
ing the early part of the irrigation season in Montana the tempera- 
ture of water in canals is quite low, often between 50^ and 60^ F., and 
the evaporation in consequence is low. 

The basis for computing the loss of water by evaporation from 
ditches and canals has been the evaporation from a standard tank at 
Bozeman. The records for the irrigation season extending from May 
1 to September 30 of each year, from 1900 to 1903, are given in the 
following table: 

Evaporation from water surface at Bozeman, Mont, {in inches). 



1900. 

Mean temperature of water. . 

Monthly evaporation 

Average weelcly evaporation 

1901. 



Mean temperature of water. . 

Monthly evaporation 

Average weekly evaporation 

1902. 



Mean temperature of water. . 

Monthly evaporation 

Average weekly evaporation 

1903. 



Mean temperature of water. . 

Monthly evaporation 

Average weekly evaporation 



May. 


June. 


July. 


August. 


September. 




73° F. 
6.99 
1.39 






65° F. 
2.74 
0.63 


6.52 
1.24 


3.59 
0.80 


3.88 
0.88 


69° F. 
5.27 
1.19 


60° F. 
4.20 
0.96 


68° F. 
4.34 
0.98 


69° F. 
6.27 
1.19 


56° F. 
3.43 
0.80 


64° F. 
3.40 
0.77 


67° F. 
3.80 
0.77 


66° F. 
4.07 
0.92 


65° F. 
3.60 
0.81 


64° F. 
3.01 
0.70 


61° F. 

a 1.12 

0.60 


62° F. 
3.99 
0.93 


64° F. 
8.90 
0.88 


67. 6° F. 
3.38 
0.76 


68° F. 
3.36 
0.78- 



Mean. 



640F. 
4.34 
0.99 



62° P. 
1.08 



61° F. 
S.49 
0.79 



64. 5° F. 
6." 79 



o May 19-31. 
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Taking the results as given in the preceding table, the average 
weekly evaporation from May 1 to September 30, of a four- year period, 
amounts to a trifle more than 0.9 inch per week. This figure has been 
taken to compute the loss of water by evaporation from typical canals. 
The following table gives the results of such computations for ten 
canals: 

Amovini of waler evaporated from typical (xmals in KonJUuna, 



Number of canal. 



1 
2 
8 
4 
5 
6 
7 
8 
9 
10 



Dischaige. 


Width of 
surface. 


8eoona. 


Minef% 




inches. 


Feet. 


6 


240 


5 


12 


480 


6 


25 


1,000 


9 


40 


1,600 


12 


70 


2,800 


20 


110 


4,400 


9A 


200 


8,000 


81 


aoo 


12,000 


40 


400 


16,000 


47 


600 


24,000 


68 



Evapo- 
rated per 
mile of 
canal. 



Miner' 8 

inches. 

0.13 

.16 

.23 

.81 

.52 

.65 

.81 

1.04 

1.22 

1.51 



It has been considered desirable to give a reasonably close estimate 
of the loss by evaporation from typical canals in order to correct a 
false idea which is prevalent regarding it. It is not unusual for 
irrigators to hold that the greater part of the losses which occur 
between the intake and their fields is due to evaporation instead of to 
seepage. Now, the computations show that this loss, even in large 
canals, is not worth reckoning with. A canal, for example, 12 feet 
wide on top and carrying 1,600 miner's inches, loses less than a third 
of a miner's inch per mile, while one 40 feet wide and carrying 12,000 
miner's inches loses a trifle moi^e than 1 miner's inch. 



SEEPAGE. 

In the measurements that have been made to determine the losses in 
the transportation of water for irrigation purposes few attempts have 
been made to separate the volumes lost in different ways. It has been 
previously shown that the amount evaporated is small in comparison 
with the total loss. In canals that are skillfully maintained and 
operated the loss due to leaks is likewise small. It is apparent, there- 
fore, that by far the greatest loss arises from percolation or seepage. 
The results given in the table which follows include loss from all 
sources, the greater part of which is, as just stated, from seepage. 
The canals tested were usually representative of the larger class in the 
district. * After one had been selected the necessary arrangements 
were made with the superintendent before the date fixed for the begin- 
ning of the test. A gauge rod of some kind was inserted near the intake, 
and the discharge ascertained by means of a current meter. The person 



88 

in charge of the head gates was then instructed to hold the water at 
the same height during the subsequent measurements. The field party 
then traveled down the canal, measuring each diversion and each 
inflow as they passed it. At some suitable point on the canal, prefer- 
ably at a road crossing, the canal was measured a second time. The 
difference between these measurements, provided there were neither 
diversions nor inflows, represented the losses in transit between the 
points of measurement. In case there were diversions through later- 
als and inflows from creeks or other sources the canal was debited or 
ciredited, as the case might be, with the respective amounts. All 
measurements of main canals were made with current meters in the 
customary way, but the methods used in the measurement of laterals 
depended somewhat on the accuracy of the measuring devices belonging 
to each canal. As a rule all lateral diversions were measured over 
weirs or with current meters. 

The results of all such measurements made are sunmiarized in the 
following table: 

Losses from canals by seepage and evaporation. 



Name. 



Yellowstone Valley: 

Big ditch 

Do 

Do i 

- Do 

High Line canal 

Yellowstone ditch. . : 

Italian ditch 

Canyon Creek ditch 

Mill ditch 

Flaherty Flat ditch 

Merrill ditch 

Gallatin Valley: 

West Gallatin Irrigation Com- 
pany 

Do 

Do 

* Cameron ditch 

Farmers' canal 

Klelnschmidt 

Bitter Root Valley: 

■ Republican canal 

Do 

Do 

Do 

Hedge canal 

Do 

Ward ditch '.; 

Do 

' Skalkaho ditch 

Do 

' Do 

Surprise ditch 

Supply canal 

Allen, Hughes, et al T 

Fowler and Sistah ditch 

Union ditch 



Average 



Date. 



August 9-13, 1900. 
June 10-13, 1902. . 
August 4-6, 1902.. 

1903 

do 



.do 
.do 
.do 
.do 
do 
.do 



JulV 18-20, 1900 . 
June 24-25, 1902. 

1903 

do 

1900 

1903 



1900 

1902...... 

1903 

do 

1902 

1903 

1902 

1903 

1902 

July, 1903.... 
August, 1903. 

1902 

do 

1903 

do 

do 



Length 
measured. 



Miles. 

22.00 

33.90 

30.40 

28.86 

18.51 

7.00 

9.62 

12.00 

8.00 

3.00 

8.25 



38.76 
26.50 
23.25 
7.82 
10.75 
17.50 

U.60 

12.00 

5.26 

9.76 

17.75 

17.50 

7.40 

8.00 

5.96 

5.50 

5.50 

5.00 

14.00 

1.25 

3.00 

6.00 



Flow at 

upper 

end. 



Cu.ft.per 

second. 

254.47 

810. 77 

300.66 

382.92 

75.20 

36.60 

50.60 

59.72 

29.83 

21.28 

30.81 



114.45 
93.67 
70.08 
26.48 

133.10 
96.11 

120.49 
65<52 
88.11 
76.46 
80.83 
99.96 
55.32 
36.09 
37.92 
29.32 
32.58 
5L20 
60.90 
8.32 
7.23 
36.49 



Loss. 



Cubic 
feet per 
second. 



65.05 

47.11 

29.07 

12.20 

20.34 

6.89 

-2.70 

10.76 

L78 

1.17 

^5.26 

39.06 
26.31 
18.80 
7.60 
23.59 
10.24 

35.86 

18.16 

6.83 

6.09 

16.08 

3.24 

2.00 

7.82 

5.07 

3.09 

L18 

18.61 

40.66 

L80 

1.61 

3.18 



Per cent. 



25.56 

16.16 

9.25 

8.19 

19.29 

19.86 

-6.04 

18.02 

6.07 

5.25 

17.07 



34.13 
26.66 
26.82 
28.17 
17.65 
9.65 

29.34 

27.71 

7.75 

7.96 

19.90 

3.03 

8.62 

20.63 

13.39 

10.64 

3.62 

30.84 

66.60 

21.63 

22.27 

8.26 

18.22 
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It should be borne in mind that the loss shown in the above table is 
the net loss, as most canals receive more or less inflow from above. 
In one case this was so great that the canal showed a net gain. Again, 
the portions of the canals measured represent only a part of the total 
loss by seepage in the conveyance of water from the natural stream to 
the irrigated fields. No attempt was made to determine the losses in 
the network of laterals which take the water to the boundaries of the 
fields. 

The effect produced on the flow of a canal by the inflow of seepage 
from another and higher canal, and. the land which it irrigates, is well 
illustrated by the Big ditch. August 9-13, 1900, there was a total loss 
on this canal from Tilden's ranch to Hesper farm, a distance of 22 
miles, of 65 cubic feet per second, or 25.66 per cent of the total flow. 
In the following year water was turned into a new branch of this same 
canal known as the High Line, and the seepage from this new branch 
and from the irrigated farms under it produced a noticeable change in 
the flow of the main canal. In June, 1902, there was sufficient inflow 
from the High Line canal to reduce the seepage losses in the main 
canal to 47.11 cubic feet per second in 33.9 miles, or a total net loss of 
only 15.16 per cent. In August of the same year a second series of 
measurements was made and the total loss was but 9.25 per cent in 30.% 
miles. The results of measurements made on the same canal in the 
summer of 1903 show that a still larger quantity of seepage water was 
admitted from the upper canals which included not only the High 
Line, but also the Yellowstone canal. 

The Yellowstone ditch and also the High Line canal are located at 
higher elevations than the Big ditch, and it is presumed that a part of 
the water which escaped from these channels was intercepted by the 
Big ditch. However, since the combined loss from the channels was 
27.23 cubic feet per second this alone would not suffice to produce the 
change previously mentioned in the Big ditch. The balance must 
have come from irrigated farms. 

The measurements of the Italian and Canyon Creek ditches of Yel- 
lowstone Valley show that there is a large flow into both ditches.. 
This is readily accounted for by the fact that there are canals and irri- 
gated areas above each. 

There was a large increase in the Mill ditch in the third and fourtlji 
miles from the head, which would appear to indicate the admission 6i 
a tributary, but the increase was wholly due to seepage water. 

The results of measurements made on the West Gallatin irrigation 
canal during 1900, 1902, and 1903 differ from those of the Big ditch in 
Yellowstone Valley in that the former show a somewhat fixed regime. 
This condition is readily accounted for. There are no canals located 
on higher ground, and consequently no irrigated areas from which 
waste water might drain into the canal. In 1900 the loss from the 
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entire canal, including Camp Creek lateral, wan about one- third of the 
volume admitted. The tests made in 1902 and 1903 were each made 
by different parties, and frequently different gauging stations were 
selected from those used in 1900. Notwithstanding this difference in 
many of the sections into which the canal was divided, the results 
obtained in the three years show that conditions have not been mate- 
rially altered in a four-year period. 

Middle Creek canal consists of a main canal something over 4 miles 
long, and two branches known as North and East forks. Four tests 
made from 1899 to 1902 show that under ordinary heads the seepage 
loss in the main canal averages about 20 per cent of the volume 
admitted. In the North Fork there is a gain — that is, the waste water 
which flows into it from adjacent irrigated farms more than counter- 
balances the losses due to percolation in the channel. This gain of 20 
to 30 per cent in the North Fork reduces the loss over the entire sys- 
tem to about 16 per cent of the flow through the head gate. 

In the Cameron or Kughen ditch the total loss, which (^oes not 
appear to have been reduced by the inflow of seepage, is 28.7 per cent 
of the volume admitted. As has been stated in connection with other 
canals, this is not the actual loss b}^ seepage from this canal, but rather 
tibe net loss, which is the actual loss diminished by the amount of 
inflow. The seepage inflow into the Kleinschmidt canal is derived 
from creek channels and narrow irrigated valleys. 

In 1900, when the first seepage measurements were made on the 
Republican canal, there was a heavy loss in the upper portion of the 
canal. On July 21, 1900, out of a total of 120.49 cubic feet per second 
admitted through the head gate, 35.36 cubic feet per second was lost 
by percolation before the canal passed Grantsdale, 3.6 miles below the 
head. The loss in a distance of about 10 miles below this upper sec- 
tion was counterbalanced by seepage waters from irrigated areas above 
the Republican canal. The results for 1902 show that the net loss has 
been reduced by the interception and admission of percolating waters 
from the Hedge canal, immediately above the Republican. In 1903 
only the upper portion of the canal was tested, but the results show a 
still further diminution in the net loss by seepage. In 1 mile there 
is a gain of 2.97 cubic feet per second, showing that sufficient perco- 
lating water from higher elevations was admitted not only to make up 
for the loss but to produce a surplus. 

The results of seepage measurements made throughout the entire 
length of the Hedge canal in 1902 and also in 1903 show that condi- 
tions are changing. In 1902, 16.08 out of 80.83 cubic feet per second 
admitted was lost. If earlier measurements had been made they would 
probably have shown that this loss of 19.9 per cent was not the total 
loss, because in 1903 it is found that out of nearly 100 cubic feet per 
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f 0( ond admitted there is only a net loss of 3 per cent. In a distance 
of 2 miles there is a ^ain of 5.24 cubic feet per second, derived from 
the seepage waters of Skalkaho Creek, and in other sections there are 
large gains derived from waste waters from irrigated farms. 

It is likewise evident from the figures given in the table that the 
Ward canal has no fixed r%ime. The net loss arising from seepage 
seems to depend on the amount of water which percolates from higher 
ground and which is intercepted by this canal. 

There is less fluctuation in the net flow of the Skalkaho canal^ due, 
doubtless, to the fact that in more than one-half of its length it flows 
through a flume which is practically water-tight. 

THE EFFE.CT OF SEEPAGE AND RETURN WATERS IN AUGMENT- 
ING THE FLOW OF STREAMS. 

During the summer of 1903 a series of measurements to determine 
the gain due to seepage was made on the Bitter Root River. 

That part of the Bitter Root River which was included in the inves- 
tigation extends from Grantsdale highway bridge to the Buckhouse 
bridge, a distance of 48 miles, and includes the bulk of the irrigated 
area of the Bitter Root Valley in a north-and-south direction. The 
arable and irrigable lands in an east-and-west direction average about 
10 miles in width over this same length. 

The first series of measurements was made from June 11 to 15, 1903, 
and consisted of a measurement of the river at Grantsdale and a meas- 
urement of each of 39 tributaries, as well as five diversions through 
irrigation canals. The results of the first series of measurements, 
expressed in cubic feet per second, are as follows: 

Return seepage, Bitter Boot Biver, June 11-15^ 1903, 

Discharge of river at Grantsdale, Mont 9, 111. 3 

Inflow from 39 tributaries 5, 764. 2 

Total inflow • 14,875.5 

Discharge from river at Buckhouse bridge 12, 660. 6 

Diversions through canals 813. 5 

12, 974. 1 

Loss in 48 miles 1, 901. 4 

The second series was made about a month later, between July 9 
and 14, after the spring floods had subsided. The results of the 
second series of measurement, expressed in cubic feet per second, are 
as follows: 
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Return seepage, Bitter Root River, July 9-14y 190S. 

Discharge of river at Gran tsdale, Mont 2,320.9 

Inflow from tributaries 1, 623. 8 

Total inflow 3,944.7 

Discharge of river at Buckhouse bridge 4, 221. 7 

Diversions through canals 161.7 

Total outflow 4,383.4 

Gain in 48 miles 438.7 

The third series was made from August 7 to 14, at a time when the 
discharge of the river and the various tributaries was quite low. The 
results of the third series of measurement, expressed as before, are as 
follows: 

Return seepage, Bitter Root River, August 7-14, 190S. 

Discharge of river at Grantsdale, Mont 325. 5 

Inflow from tributaries 209. 5 

Total inflow 535.0 

Discharge of river at Buckhouse bridge - . . . .♦ 1, 536. 8 

Diversions through canals 111. 8 

Total outflow 1,648.6 

Gain in 48 miles 1,113.6 

The foregoing figures show that a large volume is held back during 
the flood period, when all the natural channels are full, and that much 
of the water which is temporarily stored in this way returns to the 
channel of the river to augment the flow during the latter part of the 
season. According to the measurements, a volume of 1,901 cubic feet 
per second was retained on June 11-15. The only way to account for 
this loss is by infiltration in the soils and subsoils of the valley. It is 
probable this process went on over about 480 square miles of open, 
gravelly soil, and if this is so it is not surprising that a stream of 
nearly 4 cubic feet per second on an average should be absorbed by 
each section of land. This process of absorption or infiltration of 
water, if one considers the entire area affected, terminated about July 
6. After this date there is a gain instead of a loss. This gain is small 
at first, but at the end of thirty-seven days increases to 1,113 cubic 
feet per second. The conditions found between August 7 to 14 are 
remarkable. The total discharge of the stream at Grantsdale is onlj' 
325.5 and that of all the tributaries 209.5, or 535 cubic feet per second 
in all. At the same time there is an available flow of 1,648.6 cubic 
feet per second at a point 48 miles farther down the stream. In other 
words, the increase is more than double the ordinary flow of the stream. 
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It is not to be inferred that this increase was derived wholly from 
return waters which were for a time absorbed in the subsoil of 480 
square miles of porous lands. A large part was undoubtedly due to 
seepage losses from the irrigated farms in the same valley. 

That the conditions which obtained on Bitter Root River in 1903 are 
not unusual is evidenced by similar conditions which have been shown 
to exist on other western streams.^ 

CONCLUSIOirS AND BECOMMENDATIONS. 

WASTE OF WATEB. 

According to the author's estimate, the total area that is ever likely 
to be irrigated in Montana from streams, reservoirs, and wells will 
not exceed 6,000,000 acres, while the fertile and arable land that might 
be irrigated may comprise three times this area. The reason for this 
low estimate is the smallness of the water supply, the short period of 
plant growth, and the fact that the large tracts of irrigable land are 
not always accessible to the large streams. This estimate was based 
on an average supply of 2 acre-feet of water for each acre of land, 
which may be regarded as the minimum quantity required under the 
most economical use which is to be expected. 

The average quantity diverted per acre irrigated, as shown by the 
measurements reported in the preceding pages, is 4.1 acre-feet, or 
more than twice the quantity used in the estimate (see p. J). In so 
far as rights have been adjudicated, the courts have confirmed rights 
to this quantity (see p. 84). 

The difference between these quantities represents the possible exten- 
sion of the irrigated area in Montana, after the streams are exhausted 
under present practice. The measurements of return seepage (see 
p. 91) show that at least a part of this water drains back to the streams, 
to be used again, but undoubtedly a large part of this excess is lost 
by evaporation when spread over the ground, and by percolation into 
substrata which does not drain back into, the surface streams. Fur- 
ther, the water thusjyasted is likely to injure either the land to which 
it is applied or that lying below. This necessitates drainage to protect 
land against water-logging ;^and alkali. The two great sources of loss 
are poorly constructed ditches and careless irrigation. 

POORLY CONSTRUCTED DITCHES. 

Middle Creek canal, in Gallatin County, may serve as an illustration 
of the waste of water in ditches. It was begun in 1871 by a small 
association of farmers who had neither sufficient means nor the neces- 
sary equipment to build a good canal. The ditch was located with a 

spirit level fastened to a tripod. Each stockholder was required to 

- , rf — _ — — '- 

«See U. S. Dept. Agr., Office of Experiment Stations Bui. 158, 
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provide a certain nuniber of men and ox teams and to perform an 
amount of labor proportionate to the number of shares of stock which 
he owned. Thus this badly located canal was built at odd times in a 
sort of haphazard way. Questions of grade, of suitable materials, or 
of loss by percolation did not worry these farmers; their main object 
was to get water to their ranches, and if' a few plow furrows served 
their purpose they were content. 

Under the conditions which then existed the members of this pioneer 
cooperative association may have pursued the proper course. Water 
was then cheap and fairly plentiful, the new settlers were poor, and it 
might have been unwise to spend more money on the canal at that 
time. But many of the first settlers have since become well to do; 
land has quadrupled in value, and water is both valuable and difficult 
to obtain. Of former landmarks, the old ditch has changed least. 
Few improvements have been made, the water still ripples over the 
cobbles in the bed, the head gates are taxed to resist the spring floods, 
the farmers' head gates are crumbling ^o pieces, and the distributing 
ditch is cutting each season a deeper guU}^ in the cultivated field. But 
worst of all, nothing has been done to lessen the waste of water by 
p^rcolation. For every 5 cubic feet of water taken out of the creek 1 
is wasted before this volume has flowed 4' miles. 

Some canals show even larger losses. The measurements made 
show losses of over 30 per cent in a single mile, while the average 
loss for all canal measurements reported is 18.22 per cent (see p. 88). 
While it is impossible to prevent all these losses, great improvements 
can be made at small expense. 

As the demand for water increases these conditions will tend to be 
corrected, but the practice of the courts of decreeing rights to enough 
water to supply land after a large part of it has been lost in transit 
will not tend to correct this evil. If a man is granted sufficient water 
for his land under economical use, and this quantity is measured to 
him at the head of his ditch, he will make every effort to stop losses 
which leave him without water enough for his land. This has been 
done in Nebraska. The law fixes the limit at 1 cubic foot of water 
per second for 70 acres, and the State supreme court has held that the 
measurement must be made at the head of the ditch. The State cer- 
tainly has a right to insist upon an economical use of its resources. 

CARELESS IRRIGATION. 

Where irrigated farms are large and skilled labor difficult to secure, 
the tendency is to crop a larger area thaa can be properly cared for. 
The average Montana farmer likes to have a large acreage in crops. 
His fields, as a rule, are well plowed and harrowed, but having per- 
formed these necessary preliminary operations and drilled in sufficient 
seed, he pays little attention to the condition of the surface for rapid 
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and efficient irrigation. More care in this regard would pay welL If 
the surface is once carefully graded and the ditches located and built 
in such a mannef as to meet the local requirements, a forage crop like 
alfalfa may be grown for ten successive years with little additional 
outlay. The same is practically true of a grain crop. Even with a 
hoed crop like potatoes or sugar beets, it is an easy task to reduce the 
surface to a uniform grade before the next crop is seeded. 

The surface of the average irrigated land can be put in reasonabh'^ 
good condition for irrigation for $5 per acre, but to be safe it is here 
assumed that the cost is $7.50. This principal at 12 per cent would 
yield a revenue of 90 cents a year, and represents the difference between 
a rough, uneven surface and a smooth, graded surface. In the case of 
alfalfa, which is cut three times, this annual interest would amount to 
30 cents per acre for each crop. The labor of irrigating the properly 
prepared field is much less, there is a saving of water, the soil is not 
danmged, there is considerable increase in the yield, and the quality 
of the crop is improved. Taking all this into consideration, an expendi- 
ture of $7.50 per acre would return 60 instead of 12 per cent. While 
only one crop is harvested in a year, the adv^antages of a carefully 
graded field would need to be worth 90 cents per acre a year, but there 
are few practical irrigators who would not admit that the extra quality 
of the yield would more than compensate for this outlay. 

BIGHTS TO THE USE OF WATER SHOTTIiB BE DEFINED AND 

ESTABLISHED. 

Of the 1,500,000 acres irrigated in Montana only a small percentage 
has a well-defined and clearly established water right. In all prob- 
ability the adjudicated rights to the use of water do not cover more 
than one-tenth of the total irrigated area. 

The records pertaining to the appropriation of water, as filed in the 
recorder's offices of the respective counties, possesses little value, for 
the reason that the majority of claims filed do not represent accurately 
the plans of the claimants and there is no means of ascertaining from 
the records themselves which plans have been perfected and which 
have been abandoned. ' 

No definite or accurate information can be obtained from county or 
State records regarding the volumes which are appropriated from any 
stream or the volumes carried by irrigating ditches or the extent of 
the land which each ditch waters. 

With few rights determined, and with little provision for the equita- 
ble distribution of water according lo priorities, it is not surprising 
that iifaste, illegal diversions, and unjust allotments should prevail. 
Unjust distribution of water and failure to obtain it at the right time 
greatrl}^ affect the annual jaelds. Again, there is the time and labor 
lost in striving to protect one's rights; one man irrigates while another 
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patrols the ditch. This common property, so valuable to the farmer, 
is not controlled by either the State or the nation, and men quarrel 
over it well-nigh continuously throughout the season. The division 
of water is the chief topic discussed in farm homes from seed time to 
harvest, and communities seem willing to spend the greater part of 
their earnings in protracted litigation. 

As has been stated, the waste of water, which is the greatest evil in 
Montana irrigation practice, will tend to correct itself as the demand 
for water increases, but the evils arising from undefined rights and 
the lack of public supervision of distribution will grow with the 
demand for water and greatly limit future development. These are 
matters which can be corrected only by proper legislation. 

In the opinion of the writer, some of the essential features of the 
irrigation legislation needed by the State of Montana are as follows: 

(1) To declare: 

(a) That the waters of the State shall be subject to appropriation 
for beneficial use: Provided, That no water can be legally diverted 
which is not put to a beneficial use. 

(h) That rights to water for irrigation shall be appurtenant to definite 
tracts of land, specified in the applications and permits on which the 
rights are based, except that rights can be transferred to other tracts, 
or used for other purposes, where such transfer or change in use does 
not injure holders of other rights or reduce the suppl}^ beyond the 
amount of the water transferred or used for other purposes: And pro- 
vided further^ That no transfer or change of use shall be made until 
approved by the State engineer or the court, after a properly adver- 
tised hearing has been given to all interested parties. 

(2) To make provision for an early adjudication of rights which 
have already accrued, thus providing a guide for the distribution of 
water and for determining the amount of the unappropriated waters. 

(3) To provide for the acquirement of rights in the future by appli- 
cation to the State engineer, and the construction of works and use of 
water after the issuing of a permit by the engineer; the right to be 
confirmed by the State after satisfactory proof that the conditions of 
the permit have been fulfilled and the water applied to beneficial use. 

(4) To keep a complete record in the office of the State engineer of 
all perfected rights, applications, and permits. 

(5) To divide the State, according to drainage basins, into divisions 
and districts for administrative purposes. 

(6) To provide an administrative system for the equitable distribu- 
tion of water among those entitled to its use. 

TRANSFERS OF WATER RIGHTS. 

In recommending that rights to water for irrigation be made appur- 
tenant to the land watered it is not intended to make this provision 
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too rigid. When a tract of land becomes too moist to need water, or 
when it becomes unprofitable to apply water, it is to the interest of 
both the owner and the public that the water be used on a more pro- 
ductive tract. But there are two classes of rights that should be 
guarded, viz, those of neighboring water users and those of the public. 
The Montana law at present provides that transfers may not be made 
when the rights of others are injured; but the usual practice is for the 
transfer to be made, after which anyone claiming to be injured may 
bring suit to have it stopped. This puts on the one who certainly 
derives no benefit, and who may be injured, the burden of preventing 
the transfer. In Idaho the party wishing to make the transfer must 
make application to the State engineer, who holds a hearing after 
advertisement of the application and the time and place of the hearing. 
This places the burden where it belongs— ^n the. party who is to benefit 
by the transfer. Such a hearing will also enable the State engineer 
to determine whether the transfer will be detrimental to the. public 
interest. 

ADJXTDICATION OF EXISTING BIC^HTS. 

The rights to water which have been acquired should be defined and 
established. Without this any administrative system is useless, as 
those charged with distributing water will have nothing to go by, and 
the State engineer will have i\o means of knowing whether or not there 
is surplus water, rights to which may be acquired by applicants. On 
very few streams have the rights been defined and under the present 
system, as a rule, rights will not be defined until there is a shortage, 
and if they should be, rights acquired after an adjudication has taken 
place will not be included, which will make necessary new adjudica- 
tions from time to time. If all existing rights are defined and new 
ones are acquired only under the supervision of the State engineer, 
this necessity for periodical adjudication will be done^away with. For 
securing a complete list of existing rights the present law has two 
serious defects. Adjudications will take place only on the initiative of 
the holders of rights, and if they are indisposed to take the matter up, 
rights may remain undefined for 3^ears. Some way of forcing adjudi- 
cation is absolutely essential to any orderly public control. Wyoming, 
Nebraska, Utah, and Nevada have such systems. Those in Utah and 
Nevada havfe not been tested in the courts, but the Wyoming and 
Nebraska laws have been repeatedly upheld by their State courts. 
Under these laws. State oflicials make surveys and measurements of 
the ditches and irrigated lands, and take testimony as to dates of con- 
struction and other facts bearing on the dates of acquirement and 
volume of rights, and on the basis of the surveys and the testimony 
define the rights. Appeal from such decision to the courts is provided 
for, but is not generally taken. The second serious defect with the 
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present Montana system is that no provision is made for surveys to 
secure the facts as to capacities of ditches and areas irrip^ated. Deci- 
sions a^ to rights which depend entirely on these facts, so far as their 
volume is concerned, are liased entirely on interested testimony. 
Whether rights are defined by administration officials or by the courts 
this exact knowledge as to physical facts is essential to just conclusions. 
In Utah, Idaho, and Oregon rights are defined* by the courts, but the 
law provides for surveys by the State engineer as a part of every 
adjudication. In Wyoming, Nebraska, and Nevada rights are defined 
by administrative officers as the basis of such surveys. 

This work involves the Use of substantial head gates to control 
diversions arid suitable measuring devices to determine the flow. 
These structures should be inserted by and at the expense of the 
respective owners under the. supervision of the State engineer. As 
these structures will cost a considerable sum the cost of making the 
hydrographic survey and the necessary maps and compilations should 
be paid by the State. The general benefit from this work is surely 
sufficient to justify the State in bearing this expense. 

The additional data required for proper adjudication of rights con- 
sist of reliable testimony pertainir^ to the dates of appropriation of 
existing rights and accurate information regarding the early use of 
water from each ditch and the subsequent enlargement, if any. The 
codes of Western States differ as to the methods of procedure of obtain- 
ing these additional facts and of making the final determination of 
water rights. In Utah the district court appoints from one to three 
referees; in North Dakota the attorney-general, aided by the district 
attorneys of the districts affected, bring suit, while in Wyoming the 
adjudications are made by a board of five State officers, the majority of 
whom are thoroughly familiar with the character of the stream under 
consideration, the nature of the diversions, the character of the land 
irrigated, and the kind of crops grown. The vital point involved is 
that the settlement of these questions shall be placed in the hands of 
men having an expert knowledge of canal management and the prac- 
tical requirements of irrigated agriculturet 

ACaxnBEMENT OF BIGHTS. 

The adjudication of all existing rights will fall far short of its greatest 
value if it is not accompknied b}^ a provision that in the future rights 
can be acquired only under such supervision as will insure a public 
record of their dates and volumes, in order that there may be at all 
times a complete record of rights. The systems adopted for this in 
Wyoming, Nebraska, Idaho, Utah, and Nevada are in general the 
same, and may be considered the best. The person wishing to acquire 
a water right is required to apply to the State engineer, stating in 
prescribed form how much water he wants and from what source, the 
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location of his irrigation works, and the lands to be irrigated. If this 
application is in proper form, and there is unappropriated water in 
the source of supply, a permit is issued fixing the conditions under 
which the work must be done and the time when it must be completed. 
On or before the expiration of this time proof of completion must be 
submitted, and a certificate is then issued stating what rights have 
been acquired. Such a system is not intended as a limitation on the 
acquirement of rights, but rather as a means of encouraging construc- 
tion by relieving the builders of works of uncertainty as to the wafter 
supply and of the necessity of fighting for their rights in the courts. 

ADMINISTRATIVE STSTEIS:. 

The need of competent State oflScers to divide the flow of canals and 
streams in a just manner among the water users has been keenly felt 
in Montana for more than a decade. In 1889 the State legislature, in 
order to relieve the situation to some extent, provided for the appoint- 
ment of commissioners by the courts rendering decrees defining water 
rights on application of the owners of 25 per cent of the rights de- 
fined. Many of those whose rights had been established by a decree 
of the court took advantage of the means provided, but the sphere of 
action of the law is extremely limited because few rights have been 
established. 

With general provision for the adjudication of existing rights and 
the orderly acquirement of rights in the future, it would seem best to 
supersede the present commissioners appointed by the courts- by those 
appointed by the governor under some S3^stem that will insure the 
appointment of men familiar with irrigation practice. In providing 
for distributing water each drainage basin should be regarded as a 
unit. A long stream would not be within the jurisdiction of a single 
court, and some official with a wider jurisdiction than a court commis- 
sioner should have charge of the distribution of water from such a 
stream. In Colorado, Wyoming, Nebraska, Utah, Idaho, and Nevada 
this has been provided for. Each of these States is divided 'into 
divisions on drainage lines in such a way that no stream is in more 
than one division, and these are divided into districts of convenient 
size. For each district there is a commissioner who has direct charge 
of the distributioi^ of water within his district, and for each division 
there is a superintendent who has general supervision of the work of 
the commissioners and decides all questions between districts where a 
stream and its tributaries extend into more than one district. 

DUTY OF WATER. 

In Montana at least one-fourth of the total available stream flow 
in summer is now used. In defining the rights which have been 
acquired no fixed duty can be legally established, since each water- 
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